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TAL FORMa 



1. i adx^= ax, 

2. I (if(x) dx = a I f(x) dx. 



/|.m + l 



4. I x^dx = "^ . ^ > when m is different from — 1. 

5. I e*dte = e*. 

6. I a* log adx=^ a*, 

8. I , = sin""^aj, or — cos""^a:. 

9. I — . = sec-^oj, or — csc""^a;. 

/dx 
■ , = = ver8in~^a;, or — coversin~*x. 

■\l2x-^ 

3 
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FUNDAMENTAL FORMS. 



1. I COS xdx = sin x, or — coversin x. 

2. I sin xdx = — cos x, or versin x. 

3. I ctn xdx = log sin x. 

4. I tan xdx = — log cos ac. 

5. I tan a; sec xdx = sec x. 

6. j sec^acfe = tanaj. 

7. j csc^ae^cc = — etnas. 

In the following formulas, u, v, w, and y represent any 
unctions oi x: 

8. I (u + v-\-w-\- etc.) dx= I udx + i vdx -^ I wdx-\' etc. 

9 a. I udv = uv — I V du. 

^ , /* c?i; - n du . 

9 6. iu-rrdx = uv— iv-r dx. 
J dx J dx 

20. //w^. //a*. 



1/ u 



dx 
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BATIONAIi ALGEBRAIC FUNCTIONS. 



n. RATIONAL ALGEBRAIC FUNCTIONa 



23 



A. — Expressions Involving (a -f hx). 

The substitution of -y or z for a, where y = a -f fto;, 
gj = (a 4- hx) I Xy gives 

21. fc^ + hxydx = -^fy^dy. 

22. j «.(« -f hxYdx = T^J 2/*" (y — a) rfj^. 

. J a;» (a + hx^dx = -^iJjT (V - ^T^y- 

24 f ^"'^ = J- f- 
J (a + to)"* 6»+V 

25 r ^ 1 r iz-bY^'-^dz _ 

J x'^a + bx)" «"•+"-? J «" > 

Whence 



- 2r 



27 



28 



+ bxy b(a + bx) 

dx 1 



•J (a 

/' '^3/ cte \ 1 






6 RATIONAL ALGEBRAIC FUNCTIONS. 

Qi c ^^^ — "^ r ^ 1 ^ n 

32. f-^^ = lJi(<' + bxy-2a(a + bx) + anog(a + bx)j • 

34. r_^ = _llogi±^. 

r cga; _ 1 1 - a-\-bx 

' J x(a-\-bxy a(a-hbx) a* x 

AA /^(a 4-ftar)<fa; ^ar ab' — a'b . , , . ,, s 
^«J a^+^ =y+-7^1og(a- + ^;a^).- 

37. f {a-\-bxy (a'-hb'x)^ dx = ^^ T (a+fta;)«+ ^ (a'+ft'a)* 
r ^a^-bxydx __ _ 1 / (a^-bxy-^^ 



1 / {a^bxy 

(m-n-l)b' V(a' + b'x)^-"^ 



. 



1 / (« 4- ^a;)" /* (a + &a;)""^c^a; \ 

"" (m-1) b' \(a' + b'x)""-"^ J (a' + 6'ic)"-^ / 



RATIONAL ALGEBRAIC FaNCTIONS 



^^' J (a + bx) (a' + cy'a;) ^ ah' - a'b^ ^^ a 

40 r ^ 

J (a + «»«)» {a' 4- ^'a;)'" 



4-^a; 



^ ^_i f 1 

(m - 1) (ab' - a'b) \(a + bxy-^ (a' + 6'a;)"-i 
^ ^ ^ J (a + bxy (a' + b'x)"^-^ J 



41 



•J (a 



xdx 



*^-h 



+ ^>x) (a' 4- b'x) 

" o^' - a'b (^ l^S (^ + ^«) " I l<>g («' + ^'^))- 



a^' — a'b \a -^ bx db' — a'b a-^ bx J 



r xdx 

J (a -{- bxy (a' -]- b'x) 



— a 



a' - a' -f- b'x 
b (ab' - a'b) (a -h bx) " (a*' - a'bf ^^ a -h bx 



^■h 



x^dx 



a 



2 



(a -f ^x)* (a' + b'x) b^ (ab' - a'b) (a + bx) 



+ 



{ab 



r^{flog(«' + *'.)4^^^2i:^log(a + 6.)] 



(a + bxfdx = ^^J^-^.^ (a + Ja;) - . 



•/ 



46 



dx 



n 



n-l 



(a + te); («^1)6 



(a + hx) " . 



8 RATIONAL ALGEBRAIC FUNCTIONS. 



B. — Expressions Involving (a -f hx^). 
47. I -5-^ — ;. = -tan~^- = - sin~^ 



(^-\-x^ c c c Va;2 + c 

Mi^ C d^ 1- c4-aj r dx 



c^ 



^0. I , , o = — 7= log -7= ;=» if a>0, ft<0. 

m^ r dx _ g; ^ r dx 

J {a + b7^^ " 2a{a-\-bx^ "*" 2^J a 



^hx^ 

r dx _ _l X 2m — 1 r dx 

' J (a + ^>x2)"»+i "" 2 ma '(aT^bc^ 2 ma J {a + bx^"^ 

^. C xdx 1 C dz . . 

o4. I 7 — , , o.^ .1 = o I 7 — TTT^TT' where z = or, 

^^'J xia-^bx^'^J^^^^a 

^ r x^dx _x a r 
' J a -{■ bx^ b bJ a 



x^ 



-\-bx^ 
dx 



-^bx^ 

dx 



'J x^ (a 4- bx^) ax a J a -\- bx^ 

_ r x^dx ___ — X . 1 r dx 

J (a^TTs^y^^ " 2 mJ) (a -h bx^"" "^ 2ml J (a + bx^ 

r dx^ '__ 1 r dx b r dx 

J «*(a + bx^"^-^^ "" aJ x\a + *a:*)« "" aJ (a -\- bx^ 



m + l 
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10 RATIONAL ALGEBRAIC FUNCTIONS. 

C. — Expressions Involving (a + ^a; 4- (xt'). 
Let X= a'\'hx -\- coi? and ^ = 4 ac — 6*, then 

-„ rdx 2 ^ .2cx-\'b , ^^• 

67. I -^ = — p tan-^ t=— j when $' > 0. 

68. I -^= , — .-log : 7=^) wheno'<0. 

J X V-^ 2cx^h + y/-q 

^^ rdx 2ex-\-b . 2 c rdx 

70 C<^^_ ^cx-^^ f 1 Sc\ e€» rdx 

r dx _ 2ca; + ^> 2(271-1)0 rdx 



dx 
X 



-A Cxdx 1 - _ ^ /* 

r xdx _ __^ 2a + 5x __ ^> (2 71 — 1) i^cfa; 
«_ Cd^ , o; ^ - ^ . 5* — 2 ac rdx 

'^«jxi'^*=^ — ^ — +tJ^" 

r x'^dx x^-^ n — m-^l h rx'^^dx 

J -^"+1 ~ <2 w - m + 1) cX« " 2n-m + l'cJ X» + i 

m — 1 a r x'^^-^dx 
2n-m-^l"cJ X» + ^ 



RATIONAL ALGEBRAIC FUNCTIONS. 11 

^^'J xX'^2a^^X 2aJ x' 

^^•J x'X''2a' ^^x^ ax^\2a* a) J x' 

fin C ^^ — ^ n-^-m — l h r dx 

J x^\f^ "" " (m - 1) aaj*»-iX» "" m-1 * aJ 



(wi — 1) aaj*»-^X» m — 1 a J aj*»-^^"-^^ 
2w + m — 1 c 



m — 1 c /• dx 
^^1 a J aj«-8X"+i 



J a;^»""2arn-l)Jr'-i 2aJ X^'^ aJ 



(n-l)Jr'-i 2aJ JT- ' aJ ajJT 



/dx 1 / 

- log X) + (2 a'c - M-) J^ Y 

84. fca' + 6'«) X'dx = -f^'"^' + ^ "''t" ^' rX-<&. 
•/^ "^ 2(/i-hl)c 2c J 

g r{aM-ft^2^ b' 2 a'c - bb' rdx 

J X" " 2(n-l)cX^-^^ 2c J X»* 

. C(a' + b'x)^X^dx = 7 — . ^"^ . ^, (b'(a' -f J'a)"-iJr»+i 
•/^ ^ (m + 2n-\'l)c\ ^ ^ 

+ (m + n)(2 a'c - bb") C(a' + 6'a;)"— ^JT^c^a; 

- (m - l)(a^'» - a'65' + ca'^C{a' H- ft'a;)«->X"dajY 



86 



12 RATIONAL ALGEBRAIC FUNCTIONS. 



— 2(m — 2n + 3)cJ ^ — _{ 

+ m (2 a'c - 6^^') J ^^ -^^ J 

+ (m — n) (2 a'c — bbr)J ^ -^ 

,rT, , «x r (a' + b'x)"^-^ dx\ 
- (m - 1) (ab'^ - aW + ca«) J ^^ -^ j 



88. J 



(a' + b'x)"" 

_ 1 / -b'X^ 
^ b'^ (m - l)\{a' + b'x)""-"^ 



(a' 4- b'x) 



U\ m — 1 



+ 2wc 



J (a' 4- b'xy-y 



^bX 



' v» 



(m - 2 71 - 1) 5'2 V(a' 4- b'x)^-^ 



U\m 



(a' + 6'a) 



-h?i 
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QQ 



b' 



/ dx 
(a/ + b'xy 

= I (- 

(m -1) (a^"» - aW -f- ca'*) \(a' -f 6'x)»»-iX»-i 
+ («. + »- 2) (66' - 2 ^^«')/ (,,^,tr-.^, 

^ 1 / 6; 

2 (06" - a'66' + ca*^ \{n - 1) (a' + 6'a!)'»-U'"-i 
+ (2a'o-66')/ ^^,^^g,_,^, 

"^ 714-1 J (a' + ^''a;)"»-ar«-7* 

If ab'^ - a'66' + ca'2 = 0, 

/ dx 
(a' + b'x)'^X'' 

^ -1 / b' 

(m + n-1) (bb' - 2 a'c) \(a' + b'x)"'X''-^ 

+ (m + 2n-2)c C , , . .f"^ — p^Y 

D. — Rational Fractions. 

Every proper fraction can be represented by the general 
form : 

If a, 5, c, etc., are the roots of the equation JF(x) = 0, so 
that 

F(x) — (x — a)P (x — by (x — cy * ' •, 



14 • RATIONAL ALGEBRAIC FUNCTIONS. 

then 

f{^) = ^^ -I rda L ^^2 I L ^p 

i^(a;) (« - a)P (a; - a)^-^ (a; - a)^-* a; - a 

-Ol -0« Jsa X?* 

^ /'I. — M« ^ /'I. — M«-i ^ /rr — M«-2 ^ ^ 



(a; - 6)« (X - by-^ (x - by-^ x-b 

+ — ^^ + + ^— + • • • 4- ^^ 



(x — cy (x — cy"^ (x — cy"* x — c 



^X« ••• ••• ••• ••• ••• 



9 



where the numerators of the separate fractions m^y be deter- 
mined by the equations 

If a, ft, (?, etc., are single roots, then p = q = r='''=l, 
and 

F(x) X — a x — b x — c 
whftre ^ = /^, R-:/SL, etc 

wnere ^ - ^,^^y if - ^,^^^, etc. 

The simpler fractions, into which the original fraction is 
thus divided, may be integrated by means of the formulas : 

on C ^^ — r hd(mx + n) h 

* J (mx -{-ny J m (mx 4- n)' tit (1 — /) (mx H- n)'""^ 

and I ; — = — log (mx + n). 

J mx-^-n m ° ^ ^ 



RATIONAL ALGEBRAIC FUNCTIONS. 15 

If anj of the roots of the equation f(x) = are imaginary, 
the parts of the integral which arise from conjugate roots 
can be combined and the integral bro ught into a real form. 
The following formula, in which i = V— 1, is often useful in 
combining logarithms of conjugate complex quantities : 

y 

log (x ± yi) = J log (x* + y^) ± i tan"^ -• 

The identities given below are sometimes convenient : 

1 ^ 1 r h __ h' "] 

(a + bx^ (a' + b'x^) ~ a'b - ab' ' [ja + bx^ a' + b'x^J 

m -^ nx 1 



(k -f Ix) (a-\-bX'^ cx^) al^ + ck^ - bkl 

V l (ml — nk) c(nk — ml)x -f (aln -f ckm r- blm.) '] 
[^ k -{- Ix a-\-bx -{- cx^ J 

Z-h maf 1 V bl — am a^m — ^7 "[ 

(a + *«")(«' + 6'«") ^ a'6 - ab^ ' [jaT^ "^ a^ + b'ac^ J 

(a; -h a) (oj -h ft) (a; -f c) a? + a. x -i- b x -{- c 

where 

^^ ^ 1 ^ _ 1 ^^ 1 

(a — b)(a — c) (^ ■" ^) (^ "~ ^) (^ "" ^) (^ ~" ^) 

1 A , B , C ^ G 

(aj -f a)(a5 4- ft)(aj -f c) (x + ^) a? + a a; + ft x-]-c x-\- g 

where 

"" (b — a)(c — a)(g -- ay "~ {a ''b)ic — b){g — b) 
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UL IRRATIONAL ALGEBRAIC FUNCTIONS. 



A. — Expressions Involving Va 4- bx. 

Th e subs titution of a new variable of integration, 
y = Va 4- bx, gives 



91. f'^a -h bxdx = ^ V(a + *ic)^. 



92. /. V^T^.^ = - 2i2^^1^^^^^^£±M!. 



93. P V;r+5^.fo ^ 2 (8 g' - 12 «.. + 156 V) V?^ +^ 
»/ 105 o" 



94. I ■ <& = 2Va + 6x + a J 



95 






a; Va + hx 
dx 2 Va + hx 



-\-hx 



96. r-^a^=- ^(^^-^") v^T^. 

^„ r x^efoj 2(8a^-4a6a; + 3^>V) / — -r- 

*x« r ^^ 1 , / Va + 6x — Va\ „ ^ ^ 

98. I — 7=r = -— log f p )j for a > 0. 

^ x^a + ^aj Va \ Va + ^x + Va/ 

_ _ /* c?aj 2 ^ , /a + ^x « ^ ^ 

99. I — ; = tan-i\ ? for a < 0. 

»^ aj Va + ^aj V— a ^ — a 
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00. I . , — 



+ bx 



VaH- to 



ax 



h_ r cte 

^aJ xVa4 



+ to 



2:^n 






03 



/ a;« 



a;*"c2ic 2x^y/a -^bx 



2 TTia 



+ ^ (2m + 1)^ (2mH-l)^ 






x^-ictx 



-\-bx 



' •^ a;*Va + to (^— 1)««"~* (2to— 2)aJ x'^Va 



-\-hx 



n — 



06. Jii±^ = , J(« + j,)"-i-'^ + «/(^ ^ ... 



06 



■/ 



dx 



m 






dx 



m 



- -aj (a -f &r)? - a; (a + to) 2 



;:2 aJ 



dx 



<a + to)8 



07. //(ar, V^a+to)(^x = ^J/^5lz4,^^;.»--li^^, . 



where «« = a + to. 



m + n 



08. r(aH-&i)^<i^'= "'>/;\" - 

*/ ^ ^ (m H- n) 

/(a;, (a + to) », (a + to)?, • • •) dx 






^SJ -^vV^' ^"' 3/^ • ' 'jy"^dy^ 



where y* =*= cf H- to, and s is the least common multiple of n, 
q, etc. . ' , • 



18 IBBATIOKAL ALGEBBAIG FUNCTIONS. 

B. — Expressions Involving Both y/a-j-bx and Va' -I- b'x. 
Let u = a + bXf v = a' + b'xy and k^ ah^ — a% then 

110.J V^cto = -.j^^V^-3^J^. 

111. r ^^ ^lv^^Af-^. 

r xdx __ "^uv __ gj^^ + g'^ /^ cto 

118. r-^=-4=iog(V^+6>A;) 

2 , ,->/^-bb^ 
. tan""* 



as , sin-* 

/^ dx ^ 1 h'y/u - V^ ^ ^ ta -* ^'^ 

115./-^ = - 2^^. 

lie. /^v;i^ = ^^;^,(2t^- v;; + */^). 

r -y/udx ^ 1 ( 2Vu ^ J. C ^ \ 

1 /^ ^ I lA r ^ ^ 

118. J —^ = 75 — — r-yf t;«Vtt-mA; I 7=- V 

J Vw (2m + l)i\ •^ Vtt / 



IRRATIONAL ALGEBRAIC FUNCTIONS. 19 

120. fv^^'^dx = (2^ + 2. + l)6' (^^'"^^"""* 



+ 



(2 w — 1) k^v^u^-ldx \ 



181, rv«w-<«+*>daj = Tjr TTTl^t;* 

•/ (2 n — 1) A \ 



m + l|^— (h — i) 



(2»- 1)^»V 

(m-l)ft'V 
+ (n — i)^ rtt"-itr<"— »>(foj Y 

188. rtr«ir-<»+*>(to = \ \2v-^^'^'>u-^^'^^ 



20 



IBBATIONAL ALGEBBAIC FUNCTIOI^S. 



C. — - Expressions* Involving Vx* ±: a' and Va* — «*. 
. C^x^dtia^dx = ^ [a;Va;2±a« dt a* log(x + V»«±^)]. 



24 

25. r ^a^-x^dx = i ra;Va^-ir* + a" sin-^- J 
dx 



26 



/ 



vV±a^ 



= log(aj + Vx^ifca*). 



27. i , = sin~*-) or — cos~^ — 



28 



dx 



a 



x 



y/x^ - a* a 



= -cos~^-> or-sec^-' 
a? a a 



h 



*^ xVa^±^ ^ \ X J 

f 



30 



Va^zba^ 



X 



dx = '\/a^ ±l3i^ — a log 



a 4- Va* ±.a;^ 



a; 



31. J — : . dx = Vac^^^^a^ — a cos~^ -• 



OJ 



X 



32. 






^a' ± a^ 



34 



35 



. ^x^x?^d?dx = i V(a^ It ay. 

/% • . .'•■•■ "^ ■ ' 
. J xy/a^-Q^dx = - ^ V(<t« - x^. 



* Thef e equations are all ipeoial cases, of more general equations giren in the 
next section. For additional formulas consult Equation 66. 
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186. r V(x2 ± ay^dx 

137. C-\/{a^-x'fdx 

,-- C dx ±lX ' 

138. I = = , 

9 

139. I , : = , 

140. 1-7=== = — ==• 



141 C ^^ ^ ^ , 

142. fxy/ix'ztaydx = J V(x^±^. 



143 



. r«-V<a2 - aj«)«e£a; = - jV(a«-ajy. 



v/ 



'(^aj 



144. fx* Vx* rb a^ 



t6. Ca^y/a*-x*dx 



22 
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dx 



'-^x^ 



47. jafy/a^zta^dx = (± J aj« - ^ a«) V(aF^l^\ 



Va^lb^ 1 



r__dx Va^dia:» 1 r dx 



AQ r ^ _ v a?' — g^ _1_ _i /^\ 

* ^ Q^y/x^ — a^" 2a^3t^ 2a»^®^ \ay 

-, r x*flZar X /-ji -J , a' . _,« 



**-'l , / , -^ ^ ^ — ii;: — 



58 f /^ =^ 






64 



/ 



Vx^ ± a* 6?aj Vx'ifca* 



x^ 



X 



+ log(a;+Vic*=fc«"). 



-•/^^^=- 



a; a 






V(a;» ± a^ 



««» /^ aj'cte a; . 1 a; 

67. I —p===: = —=== — sm-^-- 
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"*• J V^r^r^ ~ ^ J \7^^') iff' - 'H*') 



where u = 



2^ 



Va + cx^ 



169. CEl^^ = 1 f/f^^^^^ ^^, where u^ = a + cx\ 



D. — Expressions Involving Va + to H- ca^ 

4c 
Let X = a + to 4- cx^ a = 4:ac — l^, and A; = In order 

to rationalize the functi on f(x, Va -h to + g^) we may put 
Va 4- to + cx^ = Vit c VT+~Sxdta^, according as c is posi- 
tive or negative, and then substitute for x a new variable z, 
such that 



z = VaVBxT^ ± a?, if c > 0. 

^A'\'Bx — x^—'y/A .- ^^ , a ^ 

« = y if c < and — > 0. 

X — e 



z 



=s^^ 2, wbere a and B are the roots of the equation 

^a — x 

A + Bx-x^ = 0, if c<0 and -^<0. 

~~ c 



By rationalization, or by the aid of reduction formulas, may 
be obtained the values of the following integrals : 

161. 1—7== , sm-M , =)>ifc<0, 

•^ VX V^ \V62-4ac/ 
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62. I -== \ JL ^ ' 

/dx 2(2cx-\-b)/i \ 

/ cfa; __ 2(2ca;4-^>)VX 2A;(n--l) ^ cfa 






8 A* J VX 



67. fx^VXdx 



_ (2cx + 



dx 



J . 4(^ + 1)<? 2(w + 1) «•/ V 

C xdx __ VX _ 5_ /* djx ^ 

■:J^^x'^~ 2cJ ^' 

/ xdx ^ '"Vx ^ C ^ 

i^Vf (2n-l)cX-~rJ F^' 






/^ T^dx _ (2b^-'4:ac)x'h2ab 1 ^ 
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_ (2 5^ - 4 ac) a; + 2 a5 4 a<? + (2 ti - 3 ) ft' /• c^ 

^" ^^ J ]r«-i 



176 



(2 7i-l)c^X»-iVX (27i-l)cg' J X^-^^/X 

x^dx 



~\3e 12c»"''8c« 36') '^\4:e' Ud'JJ ^/x 

J 3c 2cJ 



x^Vx 



177. CxXVx dx = ^1 - 7^ fxVx dx. 
J 5 c 2 cJ 

r xX^dx _ X"VX h r X^'dx 

J VX "{271 + 1)0 2cJ -y/x ' 

179. J X^VX^ = (^a. - -j -^ + -^^^^J VZc^. 

J VX ""2(7i + l)c 4(7i + l)cJ VX 

~2(7i4-l)cJ VX * 

■^(M'"iS)/^^- 

1«2. I — ;= = --— p log! -— 1 7= >ifa>0. 
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183. I — 7— = -7=sin-i( — , V if g < 0. 



dx _ 2y/X . 

xVx'^ ^ 



184. r^=^=~^^-^-^»if a = 0. 
dx 



186 






Vx 1 p (fo h^r dx 



(2 w - 1) aX« a J a.X«-i VX 2 aJ X« VX 

188. r-4==-:!!^-±r^. 

*/ fr«VX «» 2aJ a;VX 



ac' 



187. r2^^=vx+|r-^+ar^ 

J aj 2J vT •^ x^/X 



189. 



Vx (2w-l)Vx "^-^ aVx 2J Vx 



•^ »* X 2J xVx J Vx 

ion r ^""^ __ 1 i^ ^"'-'cfa _ ^ r x'^-^dx _ a P x^^^dx 

' "^ x«Vx "" ^J-' X"-iVx c-' x« Vx c J x«Vx 



/•^^X"^ ^ ^"'-^X^VX _ (2n + 2m-l)h r^ 
'^ Vx (2n + m)c 2c(2n^m) J 



Vx 



192 



■/ 



(2 w + w) c./ Vx 



aj"»X«Vx 

Vx (2n + 2m-3)&r <^a; 

(m — 1) aa*»-^X*» 2a(m — l) J x^^^X'^^/X 

(2n + m-2)c r dx 
(m-l)a J x'^-^X^'y/X 
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27 



193 



•/: 



x'^^/X ~ (w - l)x"»-^ 2{7n - 1) J x'^-iVx 

(2n-l)c rX2_ 
m — 1 J ^»i— 



2{7n 



X' 



'Vx 



194. ffi^y V(a; - a) (x - b)) dx 

= 2ia-^h)ff 
where u^(x —b) = x — a. 



bu^ — a u(b ^ a) [ u du 
w* — 1 u^ 



-1 J K - 1) 



E. — ExpBESSiONs Involving Productsof Powers of 

(a*'\'b'x) AND Va -h bx -h cx'\ 

Let X = a + bx + ca?, v = a' -\- b'x, q = ^ac — P, 
p = bb' -2 a*c, k = ab'^- aW + ca", then 



196. I — 7= = -7= log 

•^ vVx y/k '^ 



196 



= > tan^ , 

V- k 2V^-kX 

= — 7==sm^ 7==' II A? at 0. 

V^ ' b^vV^ ^ 

2ft'VX . 






thus 



./ 



c/a; 



(aj±l)V5 






197. r^ = - '-^ - M- 



■/ 



e^a; 



198 



v'-y/X 



Vx 

2V^JX 2c r dx 



Sfiv' 



2c r 



Vx 



, if A; = 0. 



28 IRRATIONAL ALGEBRAIC FUNCTIONS. 

200 rji^^__ 2{2k-^Jv) \ 

201 C '"^^ ^ b'Vx fi r dx 

r vdx ^ _ h'^Jx _A C ^ 



202 



203 



X- VX (2 /I - 1) cX- 2cJ x-VX 



^"^•J VX ~(27i + l)c 2J VJ* 

206 r ^ ^ ^'^^ (2m-S)fi r dx 

'J t;"»Vx -X®^" 1) ^^'"■"^ 2(m — l)kJ ifm-l^/x 

rfo; 2b'Vx 



206 






"*Vx -^ (2wi-l)i8v*» 



207 C:£^^ ^ _ ^'^-^ _ (2 711-5)13 r Vxdx 



b'Vx 



(yyi - 4) c r Vxdx 
(7n-l)kJ v""-^ 









208 
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J (m + 2) c \ 



209 



^^ v^X'^Vx . .. - 



+ (m + 2n-2)c C ^^— 7=\ i£kj£0. 

r dx ^ -2 f b'Vx 

+ (m + 2n-l)e f ^^— f=Y if A; = 0. 



211./^"'^ 






+ 



<--'"/^^) 
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212. I 7=^-= / _LO X [Vv^-^'X^VX 



yft't;"-»VJ 






=s -f =. 

(x + a)(a; + ^)VX (6 - a)(x + a) V^ (a - 6)(a; + ^) V-^ 

JL 

y/a-^-bx-^ cx^±^a' + b'x + c'x^ 

^ •y/a-{-bx-\- cx^zf^a' -j-h'x-h'c^ 
a-a'-{-(b-b')x-{-(c-c')x^ 

VX -y/X VX 



(X'\-a)(X'^b) (ft — a)(a;4-tt) (a — ft) (a; + ft) 

(a; + a)VX ^,^^ (a-ft)VJ 
a? 4- ft aj 4- ft 



j-^^.+» 



' > 2 I i. y ^ ^^ ^'^ elliptic integral. 



•jcVa -h ftic* 



rWa + ft^»^^ 1 fva^'-a'ft + fty^.rfy, 
•^ Va' -h ft'«* ft'Vft'*' ^ 

where y* = a' + ft'a;*. 
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IV. BCISCBLLANEOUS ALGEBRAIC EXPRESSIONS. 



214. I •y/2ax'-a^'dx=^ —77^ V2 cwc — a* + — sin*-* 

J 2 2a 

—=====. = versin-"* - = cos"*( 1 ) 

V2 ax- x^ a \ */ 



= 28in-V^. 



816 



•/ 



x^dx x^~^y/2ax — 0^ 

V2aa5 — 05* 



^2 ax — a? n 

g (1 — 2 n) r^j^^2^ 
n J 



dx ^2 ax — ic* 

1 — 2n)ic' 



217./-, ,, , , , 

•^ aj« V2 ax-s? a(l — 2n)a;- 

n — 1 /• </a5 



(2 » - 1) a J aj»-i V2 aa; - a* 



218. rx-v2^^3^.c^x=- ^""^^(^_":-"' ^ 



n 4- 2 %/ 



219 r ^^<^-^^'dx _ ^(^ ax — xy 



ti — 3 r \/2ax — x^'dx 
■^(2n-3)aJ af- ^ 
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221. I — , = — log /— — = 

J ^^x'^^-a? «» Va* + »*• + « 



a; 



222. I — 7== = f sin-M - ] • 

828. r -^ ^ =. 1 Jiog( -^f + V^ ) 

+ tan- Yl + ^^^ - tan-'Ll --^j}. ''^here 68< = a. 



226 



a + ba^ b bJ (a 



^^"^^^^ 



(a 4- 6ic*) Vx 



226. r '^ ' = , /i,., +^( '^ 



227 



(a + b2t^r)*V^ 2 a (a + bx^) 4 a J (« ± bx^) Vx 
' 4" (« + ^0:^)3 ~ 2 a (a + &c^ TaJ {a -\- bx^) ' 



If ai, Oa, ag, etc., are the roots of the equation 

• •...■•' 

the integrand in the expression 
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where w <C w, may be expressed as the sum of a number of 
partial fractions of the form =y and these 

can be integrated by the aid of equations given above. Thus, 



228. r (£^±1)^ 



+ bx -f car* 
__q + cb^p C dx 



229. f— 
J (a' 



■i- bx -{- cx^ 

g -h b'p r d^ 

a'-b'J (x-b')^a-\-bx-hcx^ 

dx 



-I- c'ix^ Va + ex* 

= , ^ tan-i x^IHE^ 

Va' (ac' — a'c) ^ a\a -f- ex*) 



280. f— 

-^ f a' H- c'x*^ Va -h ex* 



1 - _ Va '( a -h rx'^ ) -1- .r V^/. 'f — fn' 
'■ ^==== log — ^ —^ - . 

2y/(i'(a'c — ac') '\/a'(a-\-cx^)—x^a'c — ac' 
xdx 



(a' + c'x*) VoT 



= -=i_tan- J£>±^ 
V c' (a'c — ac') ^ a'c — ac' 



2Vc'(ac'-a'c) '^"^ Vc'(a 4- ex*) + Vac' - a'c 



log 



»»i-M'.€il}^ 



where «" (a' 4- ft'x) = a-\-bx. 
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282. J/ (aj, \c-\-y/a'\'hx)dx 



^^ffU£zJf^, ,\ 



(«» — c)"»-*«*-i(i«, 



where «* = c -f Va 4- hx. 



m 



«»-/4.[^I.[fTiJ'-j- 









y"^^dy 



where 2^(a' 4- Vx) = a'hbx and « is the least common multi- 
ple of n, q, etc. 

234. J/(^, ^a-hbx + x^dx 

— Q CJ '^^'^ — ^ z^Va-'bz'\'-\/a \ {^y/a — bz-\-^)dz 

where «« 4- Va = Va -f 6a5 4- aJ*. 



236. ff(3c, y/aTbx~Tx^ dx 

/f u^-a u^ — bu -\- a \ 2(bu - a - u^ 
\b-'2iL 2u-b ) (b-2uy 

where u = Va -^ bx + ay^ — x. 



— a — u^ du 



CJ±. l-{ log ('?!±2^2^V 2tan- Y^,Y 






axV2+. 

2tan-'f - 
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V. TRANSCENDENTAL FUNCTIONa 



c 



y9 



236. I sin x -/(cos x)dx = — I /(cos x) d cos x. 

237. I cos X -/(sin x)dx= ( /(sin ar) c? sin x. 

238. I sin a: -/(sin a:, cosa5)rfa; = — j /( Vl — «2, «)(i«, 
where « = cos x. 

239. f ^ ^ ^ / r ^^ r_^ 

J a -{- b cos X c(d — a)1»/«-l-c J z — 
where « = tan J a;, and c* = (5 -f a)/(b — a). [See 651.] 

240. I , - . = I , ^ / . 5> where z = tan X x. 

J a±.h sin aj */ a ± 2 o« + a^ 

241. J/(sin X) rfx = -//(cos (| _ ^^^ rf(| - x)- 

242. r/(tan a;) e^aj = — J/ctn (?~^)^(1~"^)' 

243. J/(sec x) dx = - J/cscTl - «)«^(| - Ai 



244 



sin a: -/(sin' a;) dx __ /^ f{z)dz 



/ sm a: -/(sin' a;) aa; __ C 



Vl- A:*sin»a; •>^ 2 V(l - ;5j) (1 - A^») 
where « = sin* a;. ^ 



V 

V 



«-- /'cos a? -/(cos* aj)e?a; C /(I — «)«?« , . 9 

246. I — ■==^=±==d=-' = I *^ ) ^ => where « = sin'a;. 

•>^ Vl - k^ sin'aj -^^ 2 V« (1 - V^z) 
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where z = siir x. 



247. ff(ax ^b)dx = ^ J/(«WJ '\-b)d(ax-^b). 

248. CseQ''-^^xf{t2inx)dx:=C(i + z^'^f(z)dz', « = tan a;. 

249. I /(sin x, cos x) dx 

/r <i>Mdx 
f(x) . sin-^ a: . e^a = sin-^ aj • <^ (a;) —I ^/^ ^ y dx, 

where <^(a;) = j f(x)dx, 

f(x)-cos'^xdx=^cos-''x'<l>(x)-\-j ^j±—i ' 
f(x) 't^n-^ xdx = tsji-^X' <l>(x)- j Y+^' 

253. ("/(«) • ctn-^ a; c^a; = ctn-^ a; • <f> (x) -^f ]^Vj ' 

254. jf(^9 cos a;) e^aj = —J /( ^ — ^> sin « J 6?«, 



where z = -^ — x. 



/* sin a; -/(cos x)dx _ 1 /* /./g_^ii^ 
'J a -|- ft cos ar ftJ \ ft 






where « = a + ft cos a:. 
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266. j /(«, \ogx)dx = j /(e% z)e'dz, wlieie « = loga5. 

257. j' f(^ogx)dx ^ jy^^)^^^ ^j^^^^ ^ ^ l^g ^ 

258. farVClog a:) (£a; = r6<"* + ^> ^/(«) t^;^. 
. j /(sin a;, cos a;," tan x, ctn ar, sec a:, esc x)ci^ 



259 



dz . . ^ X 
5) where z = tan - ; 



1 + z 



=/4 ^-. vf^/ ^. vib' 



> where « = sin x ; 



VT^ 



=/< vfe- v^' " ^ ^- ^) 



6?« 

> where « = tan x ; 



lH-« 



=//(v^. ^. Vr^. V^i^. ^, ^) 



> where z = sin' a;; 



2V«(l-;2;) 



=/Kv^' vfe- ^- ^' ^. V^O 



> where « = tan' a?. 



2V«(14-«) 
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260. j 8mxclx= — cos x. [See 247.] 

261. j sin^xdx = — i cos x sin a; + ^a5 = ^aj — J sin 2 a?. 

262. j sin'* a; <^ = — J cos a (siu^ x -h 2). 

Aoo r • « J sin^^^a; cosa , n — 1 {* . ^ « . 

263. I sin''xdx = 1 I sm'^'^xdx. 

J n n J 

m 

. I COS 05 da; = sin x. [See 247.] 

. j cos*a;(^ = f sina; cosa; + ^a; = ^a; + J sin2a;. 

. I cos* xdx — ^ sin a; (cos^ as + 2). 

/cos"a;flb = -cos"~^a; sina; H | Qos^^^xdx. 
n n J 

.. » I sin a; cos aj e?a; = ^ sin^a. 

. j sin^ X cos* xdx^ — ^{\ sin 4 a; — a;). 



264 



265 



266 



267 



268 



269 



'■/ 



270. I sin a; cos"*a;c^ = — 



QQgm + lj. 



sin'^ + ^a; 



m-hl 

271. I sin"»a; cos ajc^ = 

J m+ 1 

cos"*" ^05 sin^+^a; 



•/ 



272. I cos"* a; sin"a;rfa; = 



7n-\- n 



H I cos'""'^ sin**aj(£a. 

m 4- nJ 



'■/ 



278. I cos"** sin^ajc^a; = — 



m -{- n* 

sin'^'^aj cos'"'*"^a: 



m -\- n 

H ; — I cos'^a; sin'*~"*a; e^a. 

m H- nJ 
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874. I — = ( ;^=T-+(^-l)l z ) 

_ 1 / sin^ + ^x __ ^ ^ 8m^xdx \ 

~ m — 1 ycos"*"'^^ ^ ^J cos^~^xJ 

— ^ / sin"~^a; _ _ r sm^~^xdx \ 
~" m — 1 \cos"*~^a; ^ ^J cos"*""*a; / 

/*cos*"ae^_ cos*"+^a? m — n-{-2 (* cos^xdx 

* J sin^a; (n — 1) sin"~^a; n — 1 J sin'*"*^ 



"r 






(w — n) sin^-^x m — nJ sin"x 



w — 1 sin^'^aj 71 — 1%/ sin**"' 



a5 



^u^^_C \2 ) \2 J 

cos"a; J /tt \ 

sin" (^2 - « J 

-: = log tan X. 

sm X cos a5 

278. I r-T- = log tan ( t + H ) ~ esc a. 

•/ cos a? sin'a; ° \4 2/ 



279. J "^^ 



sin"* a; cos "a; 
1 1 , m-\-n — 2 f* dx 



m + n — 2 r_ 

*»~^aj w — 1 J si: 



?i — 1 sin"»~*a;-cos*»~^a5 n — 1 •/ sin"'a;-cos**""*a; 



♦ 



m 4-n — 2 /* dx 

^^x m — 1 J sin"*~^a;-cos"; 



m — 1 sin"*~^a;cos'*~*a; m — 1 */ sin"*~^a;-cos"a; 

QfiA r ^^ — _ 1 cos a; w — 2 /* dx 

' •/ sm*"aj m — 1 sin*"~^a; m — 1^ sin"*""^a; 
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--^ C dx 1 sin a: ^ n — 2 C ^ 

./ cos"x n — 1 cos'*~^a: n — lJ cos**" 



. j tan xdx = — log cos x, [bee 247.] 
. I tan'sBf/a; = tan x — x. 



*x 



283 



284. I, tan"a;<fa! = — — j j tan^'^xote. 



285 



. I ctn xdx = log sin «. [See 247.] 



^■/ 



286. I Qtti^xdx = — ctn a; — a;. 



287. ^Qtn^xdx = - ^^^^^ -^Qtn^-^xdx. 

288. j sec ice^ = log tan ( T + H ) = i log ^ _ ■ 



sin a; 
sinx 



289, I ^QQ^xdx = tan a;. 



AAA C ^ 1 C dx smx , n — 2C dx 

290. I sec^acte = I — -- = — TT-'\ T I — r-T- 

J J Qos^x (n — locos'*" ^aj w — U cos«~'a; 



sin X . n — 2 



(n — 1) cos* 



, n-2 r 

—. — I 7 I sec^'^awMp. 

~^x n — U 



1% 291. j CSC xdx = log tan ^ x. 
292. I csc^xdx = — ctn x. 



/CSC^xdx = I -: 
' J SI 
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dx 



sm*»x 

__ cos a; n — 2 r dx 

~~ (n — l)siii'*~^x n — iJ sin^'^oj 

cos a; , n — 2 r „ « , 

= — 7 ^. . „_i H r I csc^-^ajcte. 

(71 — 1) sin" *a; n — lJ 

/dx 
-r——' = - tan(i7r - ^x). [See 241.1 
1 -h sin a; ^* ^ / l j 

/dx 
: = ctn (i TT - ix) = tan (J TT 4- ^x), 
1 — sin « ^* 

296. I z—, = tan i x, or esc x — ctn x. 

J 1 -\- cosaj 



« 



297 



. i r = — ctn \x, or — ctn x — esc x, 

J 1 — COS* 



AA« C dx 2 sec ^ . , , ^ . ^. 

298. I . ^ . — = tan- ^ (sec ^ • tan i aj ± tan t)^ 

J a±hsiTLX a ^ ^ J^ 

if a > ^, and h = a sin 0, « 

AAA C dx ± sec a - sin A- (a d= a*) 

299. I = log ^-^ ^> 

J a±ih sin a; b cos ^ (a; :^ a) 

if ft > a, ^nd a = h sin a. [See 241.] 

800. I —--7 = ,^ . sin-^ -. , 

•/ a H- o cos X Va^ — ft^ l^a i- 6 cos a; I 



« s 

.c < 
-^ e 



1 , r Va* — ft^sin rH 

^s - or sin~^ —; 

^a __ ^a L a 4- ft cos a; J 



IIS 2 
,, c n or 



s|| Va«-ft» 



a» o V 



e o 



1 ^ , rVa^ — ft* sin a;~| 

tan~^ --^— 

a* — b^ L ft + a cos x J 



:.|1 1 , rVa2_/,».sina:' 

^2^ or 
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1 r ^ + g cos X + V^^ — g^' sin a; "1 

' a__ ^2 ° [_ a 4- ^ cos x J 



V^ 



1 r V^ + a-^^b — atan^a; "] 

V«»2 - a^ ^^ L V* + a - Vft - a . tan J X J 



1 ■ , .rV^^-a^.si 
or — tann~^ ' 



- , lann - — j—. 



sin x"! 



cos a; 



/e^a: 1 

— — — = a ■ ,2 [^ log (a cos a 4- ^ sin x) -h ««]. 
a + ^ tan aa^ + o* 



/CKC 1 

-. = -7=log tan (ia; 4- ^Tr). 
sm x + cos x V2 

/* sin a;<^a; _ __ /^ cos (| tt — a;) c? ( j^ tt — a;) 
* J a + ft cos a; "" J a + ft sin (^ tt — a) 



== — - log (a 4- ft cos x). 



(" {a! 4- ft^ cos a;) (^a; _ ft'x a'ft — aV C 
^^' J a + ftcosaj " ft "^ h J 



dx 



a-\'b cos X 



/ (a' 4- ft^ cos x) dx _ ab' — a'b sin a; 
(a + ftcosaj)^ "" a' -ft' a + ftcosaj 

J I ; rSee 241.] 

^ a^ - ft2 J a + ft cos a; ^ -" 

/ (a^ + V cos X) dx 1 r (aft' — a^ft)sina; 
(a + ft cos a:)» "" (^ - 1) («' - ^'') L(«^ + ^ cos a:)«-i 

/ r(a<i^ - ftft') {n-l)-\- (71 - 2) (ab' - a'b) cos a;] dx l 
(a-\-b cos a;)~-i J 
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J (1 + cos xy "" (2 » - 1) (1 + cos xy-^ 

n(a' + b')-a' r dx^ 

■^ " -1 J I 



2n — l J (1 4-cosaj)'— ^ 



b sin X 



J (a -f ft cos a;)» (ti - 1) (a* - ft^) \_(a + ft cos x)""! 

+ (^^"^>^/(a4-fttsa.)«-»~(^"^>/(a + ftSsx)-J 

309 f ^^ = tan 1^ a; 

J (1 -f cos aj)« (2 71 - 1) (1 + cos a;)«-i 

+ ?r-^ f ,, . "^^ , r [See 241.] 
2 n - 1 J (1 + cos xy-^ ^ -■ 

/^ (a' 4- ft' cos a;) dx a'b — aft' , / . i. n 

810. I -^ / tj. — 7 = --i — TT log (a + * cos x) 

J sin a; (a H- ft cos x) a* — ft' ° ^ '^ 

H T—r^ogsmix i-logcos*aj. 

a-fft a — ft ^ 

A«« /* (a' 4- ft' cos «) cte a' , , ,, . ^ 

811. I -^^-~ — -7-^^ — - = - log tan i(i7r + x) 
J cos a (a H- ft cos x) a ^ ^ ^^ ^ 



(ab'-a'b) r 
a J a 



dx 



4- ft cos X 



A«A r(^ -^ b' cosx)dx i((i^b^ , , , , ,^, 

312. \\ -Tz ^ = di ;^ ^ ^ +ifa'ibft^logtan^a;. 

J sin X (1 dz cos a!) 1 zb cos a: ^ ^ '^ ^ * 

/c?a; — ctn ^ x 



(1 — cos xy (2 n — 1) (1 — cos a:)""^ 

+ ;r— ^ Tts ^-T— r- [See 241.1 

2 » - 1 J (1 - cos xy-^ "- -■ 
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/ dx _ r dx 

a« - ft^cos^x ■" J (a^ - ¥) + I)' sin^aj 

— 1 , sin (g — x) 
2 ab sin a sin (a -h a:) 

1 ^ , /tan ir\ , la 

or -r-. — ^tan-* I - — - I , where cos a = = -• 

a^ sin )8 \sin /?/ cos fi b 

-.,_/• </a: 1 ^ ,/&tancc\ 

J o? cos^ a; + 6* sin* x ah \ a J 

816. I — TT r-= ?^*an-Mtana;.\^— — r -"• 

•/ a + ©COS* a; b^a \ ^a-\-b/ b 

/RlTl O* f*OS IT dx 1 
.,' 1,' -2 = JTTT T ^^g (^ ^^^"^ ^ + ^ si^' ^)- 
a CDS'* X -{-b sin* a: 2 (6 — a) ^ '^ 

31g r dx ^ r d(x-a) 

'J (a -j- b COS X + c sin ar)" %/ [a -f- r cos (x — a)]" 

where ft = r cos a and c = r sin a. 



319. f- '^'^ 



-h ft cos aj -f c sin x 



— 1 . , r ft^ H- c' + a (ft cos x-\- c sm a;) "1 
= . • sm-^ — ^^ — 

Va^ — b^ — c^ L ^(^* "^ ^*) (^ + ^ cosa + c sina;) J 



Vft2 + c^ - a* 



log 



r ft^H-g^ + a(ft cosa; + gsina;)-hVft^-hg'— ^'(ftsina;— ccosa;) "] 
L V(ft^ + c*) (a 4- ft cos a; + c sin aj) J 

1 , Vft2 + c*^ - a2 _ c H- (ft - a) tan ix 

= . = . log , = ^^ ^— 

Vft' 4- c* - a* Vft* H- c^ - a^ 4- c - (ft - a)tania; 

= ^ tan-» r (a-ft)tania; + c -[ 

Va« - ft* - c» L Va« ^ ft* - c« J* 
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321 



/— Tj— ; r— : — = -log(a-\- c tan ^oj). 
a (1 + COS a) + c sm a: c ^^ ^ \ 



320 

•/ a (i -h cos i 

dx 



(a [1 + cos »] + c sin xy 

ir c(a sin x — c cos x) , , . . t v "1 

= -; "TT— ; r-; a log(a -h c tan *a5) • 

AAA /*fa7 + sin ic)c?a; 

322. I ^-T^- ^ — = a;taniar. 

J 1 + cos x ^ 

323. r cos x Vl - A;^ sin^ x dx 

= -J^ sin 05 Vl — k^ sin* 05 + ^-r- sin~^(A; sin 05). 

324. I sin 05 Vl — k^ sin^xdx 

= — ^ cos a; Vl — }? sin^ x ; ;r-— log Qz cos x + Vl — A;* sin^sc). 

326. J sin 0; (1 — A:* sin^ x)^ c?x = — ^ cos x (1 — A^ sin* x)^ 

+ f (1 — A:*) j sin a Vl — T{? sin* ajc^a;. 

AAA /^ cosojcfo; 1 . , ,, . 

•^ VI — A:*sin*a; ^ 

or - log (ft sin a;+Vl + ft* sin* 05), where ft* = — A^. 

AAM C ^inxdx 1, „ fz ,^ . ^ 

327. I , ==-7log(A;cosa;-|-Vl-A:*sin*a;), 

J Vl-A;*sin*a: ^ ^^ ^ 

1 . _, ftcosa; , _. _- 

or — 7 sm^ , > where ft* = — Ar 

ft Vi+ft* 

«QQ /^ tan ojc^ia; 



/* tan a; eta 
'•^ Vl - A:* si 



sin*a; 



_ 1 / Vl - A:* sin*a; + VT^^ N 

~ 2 Vl - A* ^^ \ Vl - A:* sin*a; - VT^^/ 



\ 

\ 



\ 
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/cc doc 
^ . — = — a; tan i (^ TT — a:) + 2 log COS i (^ TT - a). 
X "i" SlU S/ 

/oc doc $ 
: = X ctn^ (^ TT — a;) + 2 log sin idir — x). 
J. ~~ sm X 

/x dx 
T— ; = X tan ^05 + 2 log cos ia. 
1 -f cos a; ^ ° ^ 

/x dx 
= — a; ctn i aj -h 2 log sin i x. 
1 — cos a; ^ o ^ 

AAA r tan a;cfe 1 J ^h — a \ 

333. I ------. = —- cos""M 7=— cosa; )• 

^ Va-+-*tan^a; ^h-a \ V6 / 

836. r-*»"«''*» 
%/ a 



336 



4- h tana: 
= ■ g g Xhx — a log(a + 5 tan x) + a log sec a: ?- • 

. ^x^mxdx^^\\ix-xQ,o^x.Jil^^^^7iJi^-l^^^ ^^n^J 



387. J x* sin a;c?a; = 2 aj sin x — io? ^ 2)cos aj. 

338. j a:' sin xdx = (3 a;' — 6) sin x — (x^ — ^ aj)cos a;. 

389. I a;*" sin a:c?a; = — a;"* cos x-k-mK a;*"~^cos xdx, 

340. j X cos a;6^ = cos x-\' x sin a;. 

341. I of cos a; db; = 2 a; cos a; + (a:* — 2) sin x, 

342. I a;' cos xdx = (3aj* — 6)cos a; + (a;* — 6a;)sina;. 
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343. I x^ cos xdx = a;*" sin a; — m j a;*"~^sin xdx, 

^MM rsinaj , 1 sina: . 1 Tcos a? , 

844. I — —dx = — . T • ——z H T I -—77 »^- 

J x^ m — 1 a;*" * w — U x*" * 

^^^ /•cos a; , 1 cos a; 1 /'sin a; . 
346. I — -- dx = 7 • -—-1 T I -^iiT dx. 



346 



347 



/ sin a; ^ _ __ a?^ _, _fc^ 5[_ , a;^ 
"^"^"^"33! "^55! 7. 7!"*" 99!"'' 

/cos a; . , aj^ . 03* a;* . a® 



22! ■ 44! 66! 88! 

^*^' J sina;""^'^3.3!'^3.5.5!^3.7.7!"^3.5.9!"^ 

«^« ra^^ aj' . aj* . ^«' . ^la^ , 1385aji<^ , 
849. I = — + T-^TT + TT-TT + ^r-;r; + -TTT-TTT + 



350 



cosa; 2 ' 42! ' 64! 86! 10-8! 
xdx 



. i . , = — a; ctn a; + log sin x. 

/xdx 
— 5— = X tan x + log cos x. 
cos* a; 

352. n^ I a;"»sin'*ajcZa; 

= a;"*""* sin"""^ a; (m sin x — wa; cos x) 

4 n^n — l) yx'^^\xi^-^xdx—m{m — l) j a;'"-^sin'»a;(3^ar. 

353. n^ J a;"»cos'*a;e^a; 

= a?*"-^ cos**"^ x (m cos x-^nx sin a;) / 

+ w(n — 1) Cx^ cos^^^xdx — m(m — 1) Cx^-"^ cos^xdx. 



48 TRANSCENDENTAL FUNCTIONS. 

854. I -r-P 

__ 1 r a;*"~^ (m sin x + (n — 2)x cos x) 

" (w - 1) (71 - 2) L~ srn«-^a; 

856. r^ 

*/ cos"ic 

1 r x"^~'^(m cos a; -- (w — 2)a; sin x) 

"" (n — 1) (n — 2) L cos"~^a; 



856. J 



a; 



m 



1 r sin"~^ a; ((m — 2) sin a? + na; cos x) 

"■ (w - 1) (7/1 - 2) L~ x*"-! 

„ rsin^xdx . , .. /•sin""'^a;c?a5~| 

- »'J ^;;;ri- + «(« - i)J ^.«-.. J- 



Air.. /•cos"a:cfe 
367. J 



a; 



m 



1 F cos"""^ a; (nx cos a; — (m — 2) cos x) 

"" (7?i - 1) (771 - 2) L x"^-^ 

« Ccos'^xdx . , .^ /*cos'*~^XG?a;'l 



858. I a;''sin'»a: cos"a;cto 



= r — ; — r= «''"' sin"*a; cos^-^a; (« COS « + (m+7i)a; slna) 
(771 + ny L \x- V / / 



+ (ti — 1) (tti -f- 7i) j a;** sin*"aj cos"~^a3 



~^xdx 
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— ^(^ — 1) I xP~^am'^x cos'^xdx • 

= 7 — ; — r^ ^^"^sin^^-^a; cos"cc(» sin a? — (m + n)x cosa;) 
(m + ny [_ \j. \ / / 

+ (m — 1) (m + w) j x'* sin"*~^aj cos" xdx 
+ np i x^~^ sin"*~^a5 cos'*~*a;cte 

— /?(jE? — 1) I a;^~^sin"*a cos"icc?aj • 

«--. /• . . - sinfm — w)a: smhri-^ n)x 

359. I sm wa; sm nxdx = —77^ f ^77 — ; — ^—' 

J 2(m — n) J (m 4- ?i) 

^^^ C . , Q,Qi%(m — 7h)x cos(m-f %)a; 

360. I sin mx cos na;acc = --^, 7 ttt ; — r~ * 

J 2(m — n) 2 (t/2 + 7i) 

«^^ C y sin (wi — • n) a; . sin('m + n)aj 

361. I Qos mx cos nx ax = —777 ^ — I — 771 — ; — 7~" ' 

J Z(m — n) J(m -\-n) 

362. I sin^ mxdx = - — (mx -- sin mx cos mx). 
J 2 m ^ ^ 

363. I cos^ ma? e^a: = - — (mx -I- sin mx cos mx). 
J 2m ^ ^ 

864. I sin mx cos mxdx = — -; — cos 2 mar. 
•/ 4m 



365. i sin nx sin"* ajc?a; = — ■ — — cos nx sin"* a; 



I, i sin nx sin"* ajc?a; = — ; — — 
J m + w L 



m I cos (n — l)x' sin"*~^ a; c?a; 
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t./8i 



366. I sin 7ia;cos"*a;(;^ 



cos nx COS'" a: 



-f- m I sin (n — V)X' cos"*"^ ojrfa; . 



■/ 



867. i cos nx mi^xdx = 



ni + n 



sin nx sm^a; 



— ml sin (w — J ) x • sin"*""^ a? rfa; . 
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s 



cos na? cos"* xrfa; = 



m -{- n 



sin Tiaj cos™ a; 



-I- m j cos (n — l)a3 • cos'^^^arrfa; • 



QUO r^osmcdx __ -^ /^ cos (n — l)x dx /* cos(n — 2)xdx 
* J cos*" a; J cos'"~*a; •/ cos"*a^ 



roo^jnxdx __ /* sin(yi — l)xc?a; /^ cos(yi — 2)a;c?a; 

' J • sin"'a? J sin"*~^x J sin'"a; 



871 



372 






sin nxdx 
sin"** 



_ 9 /^ cos(^ — l)a;6?x /* sin (n — 2) 
•/ sin"*~^a; J sin"*aj 



— 2')a5c?x 



sin nxdx ^ rsm(n — Dx^ /* sin(n — 2)a;cga; 



nt, 



COS™ a; 



— 9 /^ s^^(^ — l)a;c?a; p 
~" J cos"*"^* J 



m, 



COS'"X 



^p+n^l^^ 



■hz 



gyg r (COS>a; + i SJn ^3?) 6^3? ^__2i f— 

* %/ COS nx J 1 

where « = cos x-\- i sin a:. This yields two real integrals. 

^M,M /*(cos px + 1 sin px)dx _ Cz^^'^^^dz 

374. I ^^^ ^^^ — \ — = -21 -z. r--> 

»/ sill nx J 1 — «-*** 

wher^ « = cos x -\' i sin a;. This yields two real integrals. 



t 
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Vcos?iaj ^ 

where y = ^ This yields two real integrals. 

Vcos nx ^ 

opfo C- 'J. ' J . f COS (a — b-\-c)x 

376. I sm ax sin ox sm cxaa; = — 1 i ^^ ; ^— 

J [. a — -{- c 

cos (^ rf c — g) a; cos (a -\- b — c) x cos (« -{- b -]- c)x\ 
b -{- c — a a -\- b — c a -\- b -\- c J 

Qpfpt C z J , fsm(a-\'b -h c)x 

377. I cos ax cos ox cos cxax = ±< — ^^ ; ^— 

sin (^ 4- g — ft) a? sin (a — ^ + c) a; sin (a + ^ — g)a; '\ 
b -\- c — a a — b -\- c a -{- b — c J 

0.90 C' 7 J , rcos(a -f'^ -f c)a? 

378. I sin ax cos Oic cos cxdx = —i-k ^^ ; ^— 

J L a + 6 + c 

cos {b -\- c — a)x cos (a -^b — c)x cos (a + c — ft) a; 1^ 
ft + c — tt a + ft — c tt + c — ft J 

^m€x C • 7 • 7 1 fsinCa + ft — c)aj 

379. I cos Qjx sin bx sm ca; ax = i i ^ . , — 

J V a-\-b — c 

sin (a — ft 4- c) a; sin {a-\-b -\- c)x sin (ft + c — a) a; 1 ^ 
a — ft + c a -h ft + c ft -|- c — a J 



380. I sin^^xdb; = a; sin"^a; + Vl — x 



381. j cos""^ajdb; = a: cos""^a; — Vl — x^, 

382. \\ssxr^xdx = x tan-^a; — \ log(l -I- a:*), 



383 



. j ctn~^ a;c?a; = x ctn-^ar -{- ^ log(l + a^). 
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384. j secr^xdx = x seer^x — log (a? 4- Vic* — 1). 
. I cso'-^xdx = X csc^x + log(x + Vx* — 1). 
. j versin"^ xdx = (x — 1) versin~^a? + V2 a; — x\ 

388. j(cos-^ xydx = x(cos-'^xy -2x- 2Vl - x^ cos-^a. 

389. fx sm-^a;c?aj = i[(2a;2 - l)sin-Ja: + aVl-a;^]. 

390. jx cos-^xdx = i[(2a;2 - l)cos-^aj - aVl -a*]. 
. j ar tan""*a:e^ar = i[(x^ + l)tan""^a; — a;]. 



385 



388 



387 



391 



392 



. j a; ctii~'a;db; = ^[(aj*+ l)ctn~*a; 4-a;]. 



393. I x secr^xdx = ^[x^ sec~^x—y/x^ — f]. 

394. j X csc^xdx = ^[a;* csc~^a; + Va;^ — 1]. 

395. I a:" sin-^xc^ = — —7 ( a;»+^ sin-^a; — ( ^ Y 

396. fx-cos-'xdx:=-^-(a^-^'cos-'x'{- f ^ """'^^ V 
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897. fxnsLii-'xdx = ^^Taj^+i tan-la -fj-r^\ 

398. Cx^ctn-^xdx = -^(x^-^^ctn-'x-^ C^^^^^ 
J w H- 1 \ J 1 4- a?'/ 

3»»- J — ^^ = i°< — ; — j — —■ 



400. I 5 = log a — ^ log(l + a;«) 



a; 



401 . Ce^dx = — ' Jfif) dx =j'^^^^ , y = e"^. 

xe'^dx = — (005 — 1). 

x'^^dx = I x"»-ie°*flte. 

a a*/ 

404. I — cfa: = r - -=— i + « I -— -r • 

J x"" m — IL a? •^ a^~ J 

405. Ca^'dx = 3-^- r/(a^) dx = f /^^)^^ , y = a^-. 
•/ ^ log a J '^ ^ ^ J b-loga-y "^ 

406. )x"a*c?a = z 7^ rj + ^ ., \, 

J log a (log a)* (log a)' 

yt(it-l)(7i-2)' ' '2.1a« 
"^ (loga)» + i 

f«"c?a;^ g^ r 1 log a 

J a;» n-lL a;»-i (n — 2)a»-« 

(log g)^ (log a)*-i ro^n 

(n-2)(7j-3)x'»-» *""^(w-2)(7i-3)---2.lJ a; J 
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409./j-^ = los ^ 



-\-e^ ° 1 + e' 



/dx 1 

411. r ^^= 1 tan-Z.'-^V^Y 
412; f— =^=== = -^nog(Vi7T6^-V^) 



- log(Va +^>e'»' + V^)|, or p= tan-^ ^Ai+^ 

^^ V— a V— a 



J (1 -\-xy ±-{-x J a(n 



cue 



(1+ x)' l-{-x J a (n + 1) 

^ « ^ r -, • T e*" (a sin cc — cos x) 

414. I e«* sin xdx = — ^^ — ;— — = ^• 

J 1 -f « 

^^^ C 1 ^"* (sill a; + a cos a) 

415. \ e!^cosxdx = ^—^ — 7— — = ^• 

J 1 + a* 



416. I e«*logicc^ = 2 J 



aj 



e^ sin^xdx = ^ ( sin a: (a sin aj — 2 cos x) -\- - y 

e'^cos^xdx = .J cos a (2 sin a; + a cosa;)-|-- j- 

419. j e"* sin" bxdx= ^ ^ ^ f (a sin bx 

— w6 cos6a-)e"^sin'*~\^a; + n(n — 1)^^ j e^^'sin^-^^ai-rfa: j 
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420. fe"^ cos" bxdx = -^-^ — ^ ( (a cos bx 

+ rib sin bx) e"^ cos»-^ bx^n{n-l) b^j e*" cos^-^^^arc?^ j- 

421. j e"^tan"ajc^ 

n — 1 n — U •/ 

422. j e"^ctn"iC6?ic 



e"^ctn"~^ 

71 



5!_!^ + _^ fe-^ctn^-ixf^aj- fe^^ctn^-^ajcZa. 

— 1 71 — lJ j 



/e'^dx __ J^^ a sin a; + (n — 2) cos a; 



423. I -T-— = - e 



sin** x (tj — 1) (^i — 2) sin"-^ x 

'^ (n- l)(n-2)J sin"-2aj* 



/e*^dx _ ^ a cos x —(n — 2) sin a; 
^^^ ^"^"^ (n-l)(n- 2) cos»-iaj 



+ 



a^-\-{n- 2Y C e'^dx 



(n-l)(n-2) 



2y r e'^d 
— 2W cos»- 



2 



X 



425. I e^siii"*ajcos'*a;(/x 

= -\ e«^ sin"»^ X cos"~^ aj (a cos x -\- (m -\- n) sin a;) 

— ma j e"^ sin"*"^ x cos"*~^ x dx 

-\'ln — l){m-\-n) j e"^ sin"* a: cos" "^ a; c?aj I 
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= 7 — ; — ^T"; — 51 e**" sin"'"* a; cos" a; (a sin a? —(m + w) cos a?) 

+ na j e"* sin'^^^a; cos""*a;<]?a; 

+ (m — 1) (w 4- w) j e"* sin"*""* a; cos" ajc^a; y 
= 7 — ; — 75""; — ii r«"*cos""*a;sin"'~*aj(asinxcosa; + wsin*x 

-r 771 cos* aj)] + 71 (?i — 1) I e*^ sin*" a; cos"""* a; c^ 

+ w (7?t ~ 1) I e"* sin"*"* a; cos" aiefo; ^ 

= 7 — ; — zr-. — 5"! r^"*sin"'"'*acos"""*a;('(xsinajcosa;-f wsin^aj 
(m -I- 7i)* + a* L 

— mcos*aj)] + n(ii — 1) j e*^sin"*~*a;cos**"'*a;(£a; 

+ (m — n) (m -\- n — T) i e^ sin"*""* x cos" xdx V 

If. 

= 7 ; — TT"! — s"? fe"* sin"* ~ * a; cos" ~*aj (a sin aj cos aj + n sin* aj 

(w + 7i)^ -f- a L 

— mcos*a;)] + 7w,(?w- — 1) | e"*sin"*~*a;cos"~*a;c^ 

— (w — n) (??t + n — 1) j e*** sin"*ar cos"~* aiefo; I . 

426. j log xdx = X log X — X, 



427. ra;"*loga;efo = a;"*^T^^^- . lixa T 

428. I (log xydx = a; (log x)" — ?i j (log x)"-^ efo;. 

429. fa;"* (log a;)" (^a; = ^""^ ^^^J^X ^ fa^m (log xY'^^dx. 
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r {\ K^ xY'dx _ (log ^)"+\ 

J X 71 + 1 

r dx _ X 1 r dx 

J (log xy " " (/i-l)(loga;)»-i ?t-lJ (log a5)»-i' 



J (log xy ~ ~ (7i-l)(loga;)»-i n-lJ (log x)»-i* 

r^ = I — dy. where ^ = — (w + 1) log x. 

log x J y ^ 

436. C ^ = log nog a;^ and P~^^'^= - ^ 

J a; log a; ^ ^^ ''' J a; (log x)- ^og «)""' 

436. flogCa^ -^x^dx = X'\o^{a^^x^-2x-^2a' tan-^ T- j 

437. j (a + *aJ)"* log ajc^cc 

438. ja;"' log (a + Jo;) da; 

=;;r+iL" ^^°^('^+*">-U-^+3^J• 



4gg^ r log(« + to)(fo; 

* J X 

/ . ■ , bx ' 1 fbx\ 



. ■ hx' 1 fbxV 1 fbx\* 

= loga.log« + --2i(^-J +s\-l) - 



• • • 



T- + 
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440 
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J (a 



loga;<fa; 



(a + te)" 

= ' r 

b(7n — 1) L 



(a -h bx) 



-+C ^ 1. 

-^ J x{a-^bx)"'-^J 
rlo^xdx 1 / , 7 X 1 rlog(a-{-bx)dx 

442. J*(a + te)loga;^= ^^±|^loga;-^^jP-aa;-ito«. 



log X dx 
-\-bx 



443. f ^§ 

= - (log x — 2) Va + 6a; + Va log(Va + 6^ 4- Va) 



=i[ 



— Va log(Va + ^>x — Va) , ifa>0 



(log a; - 2) Va + ^»a; + 2 V^ tan"^ 



^':£±^J,if« 



<0. 



444. j sin log xdx = ^a5 [sin log x — cos log a:]. 

446. j cos log ajcfar = I a; [sin log x -|- cos log x"}. 

446. I sinh xdx = cosh ar. 

447. I cosh xdx = sinh a;. 

448. I tanh xdx = log cosh x. 

449. I ctnh xdx — log sinh a;. 
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460. j sech xdx = 2 tan- ^ e*. 

461. I cscli xdx = log tanh - • 

/I n — 1 r 

s\nh^xdx = -sinh"-^a;-cosh x — - I sinh"-^XG?ic 
n n J 

sinh" ^ ^ aj cosh a; ^~\\ sinli""^^^^j:-. 



w -j- 1 n + 



/I n — 1 /• 
0,0^ xdx = - sinh aj • cosh*"^ x H i cosh^-^a-c^a: 
n n J 



1 . , . n4-2 



sinh a; cosh" "^^x -\ —^ I cosh" '*'^xdx. 

n + 1«/ 



n-\'l 71 + 

464. I ar sinh arc^a; = a; cosh a; — sinh aj. 

466. I X cosh xdx = x sinh ar — cosh a;. 

466. j a:' sinh xdx — (x^ + 2) cosh x — 2x sinh a;. 

467. I a:" sinh xdx^^x^ cosh a: — waj""^ sinh x 

+ 7i(n — 1) j x""* sinh xdx, 

468. j sinh* xdx — \ (sinh aj cosh x — ar). 

469. I sinh x • cosh ajc?aj = ^^ cosh (2 a*). 

480. I 0.0^ xdx = ^ (sinh aj cosh x-\-x), 

481. I tanh^ac^ = aj — tanh a;. 
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462. I ctnh'a;rfa; = x — ctnh x. 



463. I ^GQ)D?xdx = tanh x. 



'■S 



f 



464. I csch^xdx = — ctnh x. 



465. 



j sinh"^ 



~^xdx = X sinh~* x — Vl + aj*. 



466. j cosh~^ xdx = x cosh"^ a; — y/x^ — 1. 

467. j tanh-* xdx = x tanh"* « + ^ log (1 — a*). 

468. fa: sinh" ^ xdx = i[(2x*-hl) sinh" » a; - x Vl -h a?*]. 

469. Tx cosh-* xrfa; = ^[(2 x^ — l)cosh-* x — xy/x^ — 1]. 

* J cosh a 



(far 



+ cosh X 

= csch a [log cosh |- (a; + a) — log cosh ^{x — a)], 
= 2 csch a ' tanh"* (tanh ^ a; • tanh \ a), 

/dx 
; r — = 2 CSC a • tan- * (tanh i a;- tan i a), 
cos a + cosh X \ ^ , <a / 



= 2 CSC a • tanh"* (tanh ^ x • tan ^ a). 



+ cos a ' cosh X 



*^2- /r 

473. I sinh x • cos x c?x = ^ (cosh x • cos x +'sinh x • sin x). 

474. I cosh X • cos x c?x = ^ (sinh x • cos x + cosh x • sin x). 
( 475, I sinh x • sin xc?x = ^ (cosh x • sin x — sinh x • cos x).^ 
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476. j cosh X • sin xdx=^ \ (sinh x • sin x — cosh x • cos x). ) 

477. j sinh (mx) sinh (waj) rfx U- >U;t /\/^ ^ + ^ /^ -^ ..^^--v^ ^ '^ 



V ' 



= a _ — 5 m sinh (war) cosh (wiic) — n cosh (/iic) sinh (mx) • 

478. I cosh (mx^ sinh (iwc) rfa; 

= a_ 2 ^ s^^^ (^^) sinh (ina^ — n cosh (nx) cosh (ma;) • 

479. I cosh (mx) cosh (wa;) dx 

= a _ 2 w sinh (maj) cosh (na;) — n sinh (twc) cosh (ma;) • 



*/ a 



(fa; 



g?(tana;) 

. a -f c tan x + b tan^ a; 

/ (/ + fn^ cos a; + n sin a;) dx __^ /^ (m cos 3 + ^^ sin 8) cos g • dz 
a -h b cos a; 4- c sin x J 



+ b cos X -{- c sin x J Z 

dz r (m sin 8 — n cos 8) sin « • dz 



+/'-# -/ 



where b = q - cos 8, c = q- sin 8, « = a; — 8, J^=a4-2'- cos z. 

r . , , N . -/ , 7x 7 [See 303 and 304.] 

I sm (mx + a) • sin (nx -\- b)dx •- -^ 

_ sin [mx — 7ix + a — b"} sin [inx -j- nx -\- a + b"] 
"" 2(m-n) " 2(m + ?i) 

j cos (ma; + a) • cos (wa; -j- b) dx 

_ sin [ma; -{- nx -\- a -{- b'\ sin [yyia; — na; 4- <^ •— ^] 
2 (m + ?i) 2 (m — n) 

I sin (ma; + a) • cos (na; + b) dx 

__ __ cos [mx -j- nx -\- a -{- b"] cos [ma; — yia; + ^ — ^] 
~" 2 (m -f n) "" 2(m — n) 



62 MISCELLANEOUS DEFINITE INTEGBALS. 



VI. MISCELLANEOUS DEFINITE INTEGRALS * 



480. r-rT^2 = ^' if a>0; 0, if a = 0; -^^, if a < 0. 

481. J" «»-i6-^</x= J log- dx = T{n). . 

T(z-hl) = Z'T(z), if z>0. 

r(2/).r(i^2,)=^,ifi>y>o. r(2) = r(i) = i. 

r (n 4- 1) = ri I, if ?i is an integer. T(z)=ll(z — 1). 

r (i) = V;;. Z(y) = B^ [log r (2/)]. ^(1) = - 0.577216. 

482. I x'^-^(l—xY-'^dx= I t:— — --— = ^\ "^ . ^ / * 
Jo ^ ^ Jo (l-faj)'«+« r(w-t-w) 



IT 



sin«a;(fo;= I cos^icc^a; 

•/o 



1-3-5 • --(W — I) TT .. 

= o . ^ . s ^ -77' if nis an even integer, 
2'4'6'-(yi-l) ... . , . ^ 

= i Vtt — ^ ^> for any value of n greater 

rT^ + lj than-1. 

484. riill^£^ = ^,if^>0, 0,ifm = 0;-^,ifm<0. 

%/o X 2 2 

* For very complete lists of definite integrals, see Bierens de Haan, Tables d*inti- 
grale.8 tUfinies^ Amsterdam, 1858-64, and Nouv. Tables dHnUgrales difinies. Ley den, 
1867. 
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485 



I = 0, if m < — 1 or m > 1 ; 

X 

IT . IT . 

— ) ifm = — 1 or m = l; — > ii — 1 K.mK.l, 
4 .2 

.«^ r* sin^ ojcte TT 

486. I ^ — = -• 

487. J cos (x*) dx=J sin (a^ c?a; = ^ -y ^ • 

Xir /*jr 

sin kx • sin mxdx = I cos A:a; • cos mxdx = 0, 

if k is different from m. 

sin^ ma; cte= I cos^wajc?it = 
•/o 

iiAn C"^ COS mxdx TT ^ >. ^ 

•/o 1 + 05^' 2 

.^ /**cosa;e]?aj __ r'^sinxdx _^ /tt 

492. r*e-«"^(^a; = ;^V^. = ;^r(4). 
*/o 2 a 2 a ^^'^ 



TT 






30 



493. I x''e-'^dx = 



a""^* a 



r(yi + l) _ n\ 



494. I a;*«e-«^c?a; = T^rrTli ^\^' 

Jo 2** + ^ a" V ^a 

^ 

4%. ( e-«^Vxc?a; = 7r"\/-' 

497. C^dx = J-' a>0. 

Jo Vx ^/i 
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dx TT 



e~ -f e-"* 4 n 



498. r 

•/o 

499 r*__^^___ _ 

* Jo e** — e-"* ~ 8 w* 

sinli (mo;) • sinh (nx) dx = i cosh (mx) • cosh (nx) c?a; 

= 0, if w is different from ?i. 

cosh^ (??wc) dx = — j sinh* (7?mc) cte = — • 
502. I sinh(97ia;)6^ = 0. 

Xirt 
cosh (mx) dx = 0. 

sinh (two;) cosh (nx) dx = 0. 

Xni 
sinh (mx) cosh (wa) e?a5 = 0. 

J'** a 

«-«* cos macfe = -T-. — 5' if a > 0. 
a^ -{- m'^ 

e'^'sin wac^a; = -5-- — 5* if/i>0. 
a^ 4- w 

w 

e-«'^cos5a;c^ = r a>0. 

2a ' 



509. rM^^=_f. 

c/0 1 — a; D 

510. rM£dx = -^- 

•/o 1 + a; 12 

Jo 1 — x^ 8 
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515. J (log xydx = (- 1)*» . nl 

* 



V 



517. j ( log - J «?« = w!. 

518. r_^==v;?. 

'^■x'-C?^)-'?- 

521. j log sin icdo; = I log cos ccefo; = — — • log 2. 
X ' log sinxdx = — ^ log 2. 



m + l>0, n-t-l>0. 



523. I log (a =fc ft cos a;) oic = TT log I ^ 1- a^o. 
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Vn. TTTiTiTPTIC INTEGRALa 



* dO C" dz 






where A;* < 1, x = sin <^, , 

E (<l>, k) =J Vl - k^ sin-* • e^^. 

^ ^ *^o (l-h 71 sin2 0) Vl - A:^ sin^ $ 

<t> = am 1^, sin 4> = x = snu, cos <^ = Vl — x^ = en w, tan <^ = tn z*, 
A«/» = Vl - A;2 sin^ <^ = Vl - kV = dn v., ^'^ = 1-^1 



u 



= am~^(<^, A:) = sn"\cc, A;) = cn-"^(Vl — x^, k) 



= dn-i(Vl-A:V, A;). 

T* 7 2 ^* J X . sin 2 ci> 

If A^o = ^ and tan <^ = 



1 -f- A; A; + cos 2 w 



524. £ '' 



VT-Psin^ 



= ^. 



525. I Vl-Aj^sin^^.rf^ 



=![•-<«- -G4)'f-(l^)"f--]-<^. 



= ^: 
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^^^•X vr^fel=-*^-^-'^°'^'°''^[^^ 



, 1:3 . ,., . 1-3-5 
^"2-4 * ■^2-4-6 • "*" 



] 



3 5 5*3 

where ^4 = i sin^c^ -+- ^y^, ^e = J sin^ + — sin^^ 4- ^7^^ 

527. f^^l-k^ sin^ ^ . e?^ = - <^ • ^ -h sin <^ cos <^ f^ k^ 

528* P , ^'^ =sn-'(x,k) 

'^0 V(l - «») (1 - A'ar') ^ '^ 

= i?'(siii->a!, A;), 0<a;<l. 

529. f , '^ =crL-Ux,k) 
•J' V(l - a;2) (A" + Fa;^) ^ 

= 2?'(cos->a;, A;) = sn"' ( Vl - a?, k). < a; < 1. 

530. f , '^ =dn-'(«, A;) 
»^« V(l - «'') (a;^ - k'-') 

= F{A-^'x, k) = sn-> (- -s/l~x%k\ 0<a;<l. 

531. f " , "^"^ =tn-^(a;, A;) 
•^0 V(l + aj*) (1 + k''x^ ^ 

= i^(tan-ix, k) = sn-^ (—=^=^ A- < x < 1. 

\ VI + iC^ / 

* The next forty-two integrals are copied in order from a class-room list of Prof. 
W. E. Byerly. 
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532. r , ^"^ = 2 sn- V Vi, Aj) 

•^0 Vx (1 - «) (1 - A:^aj) ^ ^ 



= 2i?'(sin-iV^,A;). 0<a;<l. 



533. r , ^ =2cn-^(V^, A;) 

J* Vaj (1 - X) {le^ -h l?x) ^ ^ 



= 2 i^(cos-^ V^, A;) = 2 sn-^ ( Vl - «, A;). < a; < 1. 



534. r-7========i===== = 2dn-i(V^, Aj) 

*^* Vx (1 - a;) (a; - A;*^) ^ ^ 



== 2 i^(A-i V^, A;) = 2 sn-i Q Vr=^, A^Y 0<aj<l. 



535. P , ^"^ =2tn-^(-V^, A;) 

*^o V(l -h x) (IH- A;'^x) ^ ^ 



= 2 i^(tan-i V^, A;) = 2 sn-^ T-y^-^^ A;Y 0<a< 

536. r , ^^ = l8n-Y7,-Y a>^>ic>0. 

537. r ^ ^ =J^8n-Y^>-^Y «>a>*. 



538 



•/* 









539 ■ '^ 






540 j __^_ 
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dx 



) 



4--(Nfc|- ^^)■ 



•/o 



V(a;« + a^) (x'^ + b^) 



542. r «*" 



543. r , '^ 

*'•' V (a; — a) (x - /8) ( 



-/3)(x-y) 



544./" -^ 



a > a > & 



1^ Jx la^ - b^\ . ^ 



V(aj — a) (a — fi) (x — y) 

m 

Va-Y \^a;-y *«-y/ 



=gfc'»-(Vi^;-Vf^> --^ 



* V(a — x) (x — /8j (x — y) 

Va~y \^a-^ ^a-y/ 

545. f' ^ ^ 

'•^3 V(a - a;) (aj — )8) (a - y) 

•i 



546 



Va — y 



V(o — a;) (^.— «) (a; — y) 



V^ 



2 3,-x(.^EZZ^. ^). ^>,>,. 
\ ^"7 cL — x ^a — y/ '^ ' 
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* dx 



^'i 



y V(a — x)(p — x) (x — y) 

dx 



548. r'-^= 

*^* •\(a — 



V(a — x)(p — x) (y — x) 



549 



■X 






sn-M \\^ > \ • v>ir. 



V(a — x){p — x) (y — x) 



Va-Y \^a-x ^a-yj 



550 



X 



a>/5>y>8. 

V(x - a) (cc - )8) (a; - y) (a - 8) 
2 



, / //8 - 8 X- a ^jp-y a - 8\ 



V(a - y) (/8 - 8) 

ic>' a. 



551. r"-^= 



V(ff - 5c) (aj - /8) (a; - y) (ic - 8) 

V^a-j8 aj~8 ^a- y 



2 ,//5-8a-a; \a - B y - h 

sn" 



552 



V(a -y)(fi- 8) \^a-^aj~8 ^a-y/?~8^ 



•X 



^ V(a - ic) (x - )8) {x -y)(x- 8) 



Sll~^ 






V(a - y) (^ - 8) 

a> x'> p. 
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553. r ^"^ 



^* V(a — x){fi — X) (x — i)(x — 8) 






2 .r la-y B-x J3-y a-B 

sn" 



554 



V(a -y)(/S-8) \^fi-y a-x ^a-y/3^8^ 

^ > aj > y. 
* dx 



■X 



V V(a-ic)(j8-ic)(x-y)(ar-8) 



sn~^ 






V(a - y) (^ - 8) 

^>a;>y. 



555. r '^ 

%/x 



V(a — «) (^ — a;) (y — x){x — 8) 



556 



2 ,„-i/^^/^iiJ.i££. J«ii^.z:ziY 

V(a - y) ()8 - 8) V^y - 8>- a; ^a - y |8^8; 

y>X>8. 



•i 



5 V(a -x)(l3- x) (y - x) (a; - 8) 



•2 .f k-y x-8 a- B y-h 



sn~^ 



\^y— a— 03 ^a— y 



V(a - y) (jS - 8) \^y-8a-aj ^a-y/5-8^ 

y>cc>8. 

557. r^ ^^ 

**^* V(a - ic) (j8 - aj) (y - cc) (8 - x) 
2 



sn" 



V^a-Sy-a: ^a-yp-Bj 



V(a - y) (^ - 8) 

8>a!. 

f f\ *\ /-^a \ 

558. I sn a;c?x = - cosh~^ 



559. I en icc?a3 = - cos""^ (dn x). 



72 BLLEPTIO INTEGRALS. 

560. I dnxdx = siii~^ (sn x) = am x. 

561. f-^^logl" 'Y. T 
J snx Lcn 05 + an aj J 

set, r^=iiogr£i^£±i^"l. 

J cn a; «' ° L ^^ * J 

e^n /* rfa; 1 ^ , r^' sn a; — en a;"| 

563. I -z — = - tan~^ 77 — • 

J anx k' l_k' sn aj + en s? J 

sn^xdx = — [a; — j&(am x, A;)]. 

565. f cn^xdx = -r^[^E(B,mx, k)— k^x2> 

566. I dn' a5c?a; = ^(am x, k). 

567. (m + 1) Jsn'»a;(foj = (m + 2) (1 + F) fsn^+^ajda; 

— (w + 3) A:* j sn*"+* a;c?a; + sn'^^ ^ a; en aj dn x. 

58». (w + 1) A;"* fcn'^ajcfoj = (m + 2) (1 - 2 A;*) Ten"* +»«(&? 

+ (m + 3)A;*l cn"*+*a;(fx — cn*»+^a; snaidna?. 

569. (m + 1) A;*^ fdn'^ajceaj = (m + 2) (2 - k^^ din.'^'^^xdx 

— (mH-3) I dn'"+*x^ + A:*dn*»+^a;snajenaj. 



Since sin2^ = -l -i(l - A;2.8in2m, 



IT 



IT 



Vl-A;2sin2^ «Vo Vl - A:-' sin'-* ^ *Vo 
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Vm AUXILIART FORMXTLAa 



A. — Trigonometric Functions. 

570. tan a • ctn a = sin a • esc a ==■ cos a • sec a = 1, 

tan a = sin a -^ cos a, sec* a = 1 -h tan* a, 
csc*a = 1+ ctn* a, sin* a + cos* a = 1. 

571. sin a = Vl — cos* a = 2 sin |^ a • cos ^ a = cos a • tan a 

1 _ tan a _ /I — cos 2a _ 2tan^a 

"" Vl + ctn*a "" Vl -♦- tan*a "" ^ 2 "H-tan*^a 



=>/^ 



_ /sec* a — 1^,,^ v^,/^. V 

5 =ctn|^a-(l — cosa) =tania.(l +cosa). 

sec CL - 



572. cos a = Vl — sin*a = 



1 ctn a 



Vl -f tan* a Vl + ctn* a 



^ /I -H cos 2 a 1 — tan*^ a , , • a i # 

= V 2 = l+tan'ia = "°^^'^-^^°^° 

= 1—2 sin* ^ a = 2 cos* ^ a — 1 = sin a • ctn a 

__ sin 2 a __ /esc* a — 1 _ ctn \a — tan \ a 
2 sin a ^ esc* a 



573. tan a = 



ctn ^ a -h tan ^ a 

* 

sin a Vl — cos* a sin 2 a 



Vl — sin* a cos a 1 + cos 2 a 

_ 1 — cos 2 g _ /I — cos 2^ _ 2 tan ^ a 
sin 2 a ^ 1 + cos 2 a 1 — tan* ^ a 

__ sec a 2 2 ctn ^ a 

esc a ctn ^ a — tan ^ a ~ ctn* ^ a — 1 
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f- 


— a. 


90° ±^. 


180° ± a. 


270° ± a. 


360° db <3'. 


sin 


— sin a 


H- cosa 


^ sin a 


— cos a 


± sin a 


cos 


-f cos a 


^ sm a 


— cos a 


± sin a 


-f cos a 


tan 


— tana 


q= ctn a 


± tan or 


=f ctn a 


± tana 


ctn 


— ctn a 


q= tan or 


± ctn a 


T tana 


± ctn a 


sec 


-f sec a 


T CSC or 


— sec or 


± CSC ex 


H- sec a 


CSC 


— CSC or 


-f sec a 


T CSC a 


— sec a 


± CSC a 





0°. 


30°. 


45°. 


60°. 


90°. 


120°. 


135°. 


160°. 


180°. 


sin 
cos 

t-an 
ctn 

sec 

i 

CSC 




1 


1 


i 

iV3 

1 

V3 

2 

V3 

2 


iV2 

1 

1 

V2 
y/2' 


iV3 

i 

V3 

* 

1 

V3 

2 

2 

V3 


1 


QO 



00 

1 


iV3 

-i 

-V3 

1 
V3 

-2 

2 
V3 


iV2 
-iV2 

-1 
-1 

-V2 
V2 


i 
-iV3 

1 

V3 
-V3 

2 

V3 

2 



-1 



QO 
-1 

1 



576. sin ^ a = V^(l — cos a). 



577. cos -J- a = V-J-(l + cos a). 



578. tan^ 



«=\r 



cos a 1 — cos a 



sm a 



•+- cos a 



sin a 



1 4- cos a 



579. sin 2 a = 2 sin a cos a. 

580. sin 3 a = 3 sin a — 4 sin^ a. 



581. sin 4 a = 8 cos® a • sin a — 4 cos a sin a. 
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582. sin 5 a = 5 sin a — 20 sin^ a -+- 16 sin* a. 

583. sin 6 a = 32 cos* a sin a — 32 cos' a sin a 4- 6 cos a sin a. 

584. cos 2a = cos^ a — sin^ a = 1 — 2 sin^ a = 2 cos* a — 1. 

585. cos 3 a = 4 cos* a — 3 cos a. 

586. cos 4 a = 8 cos* a — 8 cos^ a + 1. 

587. cos 5 a = 16 cos* a — 20 cos' a + 5 cos a. 

588. cos 6 a = 32 cos' a — 48 cos* a + 18 cos* a — 1. 

2 tan a 



589. tan 2a = 



590. ctn2a = 



1 — tan^ a 
ctn2 a - 1 



2 ctn a 

591. sin (a ± )8) = sin a • cos p ± cos a • sin j8. 

592. cos (a ± )8) = cos a • cos )8 + sin a • sin )3. 

_. - , ^. tan a ± tan 3 

593. tan(ad-^) = :j — — ^• 

^ "^ Izp tan a • tan /? 

^^M . , ^v Ctn a • ctn i8 =f 1 

594. ctn (a ± jS) =^ ^ V^ • 

^ '^^ ctn a zfc ctn a 

595. sin a ± sin j8 = 2 sin ^(a ± )3) • cos ^(a zp i^). 

596. cos a + cos /3 = 2 cos ^ (a 4- /?) • cos ^ (a — /S), 

597. cos a — cos )3 = — 2 sin i (a + jS) • sin i(a — fi). 

^ 

^^^ . r> sin (a zfc S) 

598. tan a ± tan 5 = ^^ ^• 

'^ cos a • cos p 

599. ctna±ctn)8 = ±-T-^^ — r-^- 

'^ sm a . sill p 



( 



76 AUXILIARY FORMULAS. 

^^^ sin a ± sin )8 . . . ^ .. 

600. ; ^ = tani(a±)8). 

cos a + cos )8 ^ \ #-/ 

^^- sin a ih sin 3 , •, . ^>. 

601. ^ = -ctn^(azF)8). 

cos a — cos p ^ ^ 

sin g + sin ^ _ tan j (a 4- jg) ^ <• 

sin a — sin )8 tan i (a — )8) 

603. sin^ a - sin^ ^ = sin (a + /S) • sin (a - j8). 

604. cos^a — cos^)8 = — sin (a -|- ^) •sin(a — j8). 

605. cos^ a — sin* p = cos (« + j8) • cos (a — j8). 

606. sin xi = ii (e* — e~^) = i sinh x, 

607. * cos xi = ^ (e^ 4- e-^) = cosh x. 

608. tan xi = -^^ — ; = i tanh aj. 

609. e*+ ^ = e* cos 7/ H- le* sin ?/. 

610. a^ + *'*" = a* cos (y • log a) -f- *«* sin (y • log a), 

611. (cos Odzi' sin d)** = cos nOzti- sin nd. 
/ 612. 8ina; = -ii(e«-e-^). - J ^(i^^ ^jt^^J 

613. cos a; = -J- (e^' 4- e-""). 

614. tan x = — i ^ . , . - 

615. sin (x db yi) = sin x cos yt ± cos x sin yt 

= sin X cosh y ± t cos x sinh y. 

616. cos (x ± yi) = cos X cos yi ii^: sin x sin yt 

= cos X cosh y q= * sin x sinh y. 
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617. 



In any plane triangle, 

a h i 



sin A sin B sin C 

618. a« = J« + c*-2Jcco8 A 

619 ^"^"^ _ sin .fj + ain .g _ tan \{A-^ B) _ ctn^ C 
' a — b si.nA — sxaB~taxi^{A — B)~t&n^{A — B) 



620. sin i ^ = -^^^ — ^^-^^ — ^X where 2a = a + b + e. 



621. ooBiA=yj^^^' 



622. tan-i^ = V53IEi. 
"* ^ 5 (« — a) 



623. Area = ^ ic sin -4 = V«(s — a) (« — b) (s — c). 



In any spherical triangle, 
-,«- sin A sin J? sin (7 

624. -: = — : — r = -: 

sm a sm 6 sm e 

625. cos a =: cos b cos c + sin ^ sin c cos ^. 

626. — cos A = cos -B cos C — sin J5 sin C cos a. 

627. sin a ctn ^ = sin (7 ctn ^ + cos a cos C. 



-_- , . /sin 5 • sin (s — a) 
628. cosi^ = \/ . , \ ^• 

* ^ sin » . sin n 



629. sini^ = A^^^5^4:l|n53. 
^ ^ Sin 6 • sin c 



^A/v . , J /sin (s — ^) • sin (5 — r) 
630. tan^^=\/ ^ . , , ^ - 

^ ^ sm .« . sin (s — a) 



sin 5 • sin (s — a) 
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631. cos^a==Api(^ )-co3(6--C) . 

^ Rin H . sin f ; 



«oo . , /— COS /S-COS(aS— J) 

632. sin^a = \/ -. — ^ . ^ ^. 

^ ^ sm ^ sin C 



««o ^ , / —COS S'(to^(S — A) 

^ ^ cos (S—B)- cos (>b' — C) 

2s==a + b-\-c. 2S=A-\-B-ha 

634. cos -J- (^ + ^) = ^-^ — - sin ^ C, 

cos "5' c 

635. cos-J-(^ — ^) = ^^^Y -sm^C, 

sm "A" c 

636. smi{A + B) = ^^^^^~^cosia 

^ ^ ^ cos ^ c ^ 

r»AM . , / ^ T>v sin ^(a — b) , ^ 

637. smi(^-^) = V^ ^ cos I a 

sm "B" c 

638. taiiiM4-^) = ^^^4?^^ctnia 

^^ ^ cos^(a + ft) ^ 

639. tan^(^ - ^) = ^•'' t?'' 7 1? ctniC. 

/.ii/> ^ 1/ . 7N cos-i-M— ^)^ , 

640. tani(a + ft) = f-7— — -—f tan ^ c. 

^ ^ ^ cos ^ (^ + j5) 

641. t^Ha-J) = -^-|i^^tanic. 

g^2 cos|(a + ft) ^ ctn|(7 

cos i((i — b) tan |- (^ +- ^) 
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* In interpreting equations which involve logarithmic and 
anti-trigonometric functions, it is necessary to remember that 
these functions are multiple valued. To save space the 
formulas on this page and the next ard printed in con- 
tracted form. 



643. sin~^a; = cos~^ Vl — x^ = tan~^ 



X 



— sec~^ 



= csc-1 i = 2 sin-^ [^ - ^ Vl - a;'^]* 

= i sin-i (2 X Vr=T^ = 2 tan-^ U - Vl - xM 

= itan-H -j---^^-J=^7r-cos ^x 

= ^ TT — sin""^ Vl — x^ = — sin~^ (— x) 



= ctn-i— ^ - = (27t + ^)7r-tlog(aj+Va;2_l) 

= i TT + i sin-1 (2 x^-l) = i cos-\l - 2 x^). 



644. co8~^« = sin^^ Vl — x^ = tan"" ^ 



= sec~^- 
X x 



= ^TT — sin""^x = 2 cos~^'Y — 9 — 
= :^cos-i(2a;2-l) . 

1 /I -a; , , , r2 X Vl - a^n 

= CSC~^ , = TT — C0S"^(— a) 



= ctn~^-^ 



Vl-a:^ 



= i log (a3 -h Vx* — 1) = TT — i log(Va;* — 1 — aj). 
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X 1 2af 

645. tan^^a; = sin"^ — ; = cos""^ , = = j sin"^ ;— ■ — ; 

= ctn~^ - = 4- TT /— ctn"^ aj = sec~^ Vl 4- x^ 

X ^ 
= i^TT — tan""^- 

^ X 



-...^.2^ 



x" 



X L^ + ^'J 



L 2 VTT^ J L 2 Vl + x^ J 

= — tan"^ c + tan""^ j— — = — tan*^ (— x) 
= i* log i . ' = i* log T 



1 + «* . 1 — X 

1 -f art 



= -*^log^_^. 

646. sin""* a db sin~* y = sin"* [x Vl — y* ± y Vl — a;']. 

647. COS"* a; ± cos"* y = cos'"* [xy if V(l — a:^ (1 — ^)]. 

648. tan-*a;zbtan"*y = tan"* f ^^ • 

% , 

649. sin"* a: ifc cos"* y = sin~* [xy ±l V(1 — a:*) (1 — y*)] 

= COS"* [y Vl — X* If a; Vl — y*]. 

650. tan"*a; =b ctn"*y = tan"* f^l^^l ^ ^^^^-i fj^^l . 

651. log (x + y%) = i log (x^ + y^) -f- i tan-> (^/x). 
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B. — Hyperbolic Functions. 

652. sinh a: = J (e^ — e~*) = — sinh (^—x) = — i sin (ix) 

= (cscli x)-^ = 2 tanh |- a; -s- (1 — tanh^ ^ x), 

653. cosh x = ^(e^ + e~^) = cosh (— x) = cos (ix) = (sech x)"^ 

= (1 + tanh^ ^ a?) -5- (1 - tanh» ^ a). ^ 

654. tanh a? = (e^ — e"^) -5- (e^ + e-*) = — tanh (- x) 

= — t tan (ix) = (ctnh a;)~^ = sinh x -5- cosh x, 

655. cosh a^* = cos x, 

656. sinh a;i = i sin a;. 

657. cosh^a; — sinh'aj = 1. 

658. 1 — tanh^aj = sech^a;. 

659. 1 — ctnh^a; = — csch^aj. 

660. sinh (a; dt y) = sinh x • cosh y zt cosh x • sinh y. 

661. cosh (x ± yyc== cosh x • cosh 3/ ± sinh x • sinh y. 

662. tanh (xd-y) = (tanh a? dc tanh y) ^ (1 d= tanh a; • tanh y), 

663. sinh (2x) = 2 sinh a; cosh x. 

664. cosh (2 a:) = cosh2a; + sinh^y = 2 cosh^aj — 1 = 1 4-2sinh^a;. 

665. tanh (2x) = 2 tanh a; -5- (1 H- tanh* x). 



666. sinh (J a;) = V^ (cosh x - 1). 

667. cosh (J a;) = V^ (cosh x + 1). 

668. tanh (J a:) = (cosh a; — 1) -^ sinh x = sinh x -^ (cosh a; + 1). 

669. sinh x 4- sinh y = 2 sinh i (a; -f y) • cosh i(x — y), 

670. sinh x — sinh y = 2 cosh i(x'\-y) • sinh ^ (a; — y). 
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67L cosh X + cosh y = 2 cosh ^ (« + y) • cosh i(x^ y). 

672. cosh X — cosh y = 2 sinh i (x + y)' sinh i(x — y). 

673. d sinh a; = cosh x • cte. 

674. d cosh aj = sinh x • c?a;. 

675. d tanh a; = sech* x • cte. 

676. c? ctnh x = — csch^ a? • dx. 

677. rf sech a; = — sech x • tanh a; • dx» 

678. c? csch a; = — csch aj • ctnh x • cfaj. 

rfa: 



679. sinh-^a; = log(a: -f Va* + 1) = f- , 

•^ Va:* -f 1 

= cosh"^ VaM-3. 

680. cosh-^a; = log(a: -f V^^^^) = f , ^^ 

•^ Vaj* — 1 

= sinh~^ Va* — 1. 

681. tanh-^aj = J log(l + a:) - J log(l - x) ==fl^ 



682. ctnh-iaj = J log(l + a;) - ^ log(aj - 1) = fj^ 



aj« 



683. sech-x = log(i + ^^g-l) = -/ 

684. csch-^a; = log Q + ^i + 1 j = -J* 



a;Vl — a^ 
dx 



685. c? sinh" ^ a; = 



686. c? cosh" ^ a; = 



aVx^ + l 



Va;2-1 



/ 



687. dta,nh-^x = 
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dx 



dx 

688. dctn}r'^x=----r^' 

x^ — 1 

dx 

689. c? sech-^o; = — 



690. d csch~^ a = — 



dx 



X 



V^^Ti 



If m is an integer, 

691. sinh (mTri) = 0. 

692. cosh (w7^^) = cos wtt = (— 1)*". 

693. tanh (mTTi) = 0. 

694. sinh (x + miri) = (— 1)*" sinh x. 

695. cosh (x + rniri) = (— 1)"* cosh (x), 

696. sinh (2 m + 1) ^tti = t sin (2 m -f 1) ^tt = =t i 

697. cosh(2m + l)i7r* = 0. 

698. sinh f ~ ± a; J = t cosh x, 

799. cosh (~±a;j=zht sinh x. 

700. sinh m = tan gd u, 

701. cosh u = sec gd w. 

702. tanh u = sin gd w. 

703. tanh \u = tan \ gd t^. 

704. M = log tan (i tt -j- J gd t*). I sec xdx = gd~ ^ x. 
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C. — Elliptic Eunctions. 

^ ^ •^o V(l - z^) (1 - A;V) •^o Vl-A;«sin2tf 
where A- <C 1, and a; = sin <^, <^ is called the amplitude of w and 
is written am (u, mod /:), or, more simply, am w; x = sin <^ = sn u, 

Vl — ar^ = cos <^ = en w, Vl — k^x^ = A<^ = An w = dn u, 

K=F(i7r,k), K'=F(i7r,k'). 
Hence, am(0) = 0, sn(0) = 0, cn(0)=l, dn(0)=l, 
am (— w) = — am u, sn (—«) = — sn z^, 

en (— u) = en w, dn (— u) = dn u. 



705. sn*w -h cn^w = 1. 

706. dn2w4-Jk«sn2w = l. 

707. du^u - A:^ cn^ w = 1 - k^ = k"^. 

2 sn w • en i^ • dn w 



708. sn 2 i* = 



709. en 2 w = 



1 — k^ sn* u 

cn^ 1^ — sn^ u • dn* u __1 — 2 sn* w + A;* sn* w 
1 — /;* sn* u 1 — k^ sn* w 



__ 2 sn* i^ • dn* u _^ 2 en* % 

1 — Zj* sn* 1^ 1 — A;* sn* ti 

..«/v -. r. dn* w — A;* sn* 2^ • cn* w 1 — 2 A:* Rn*?-f 4-A;*sn*i^ 

710. dn 2 w = -^ — -^ = r^ — I 

1 — k^ sn* u 1 — A;^ sn* tc 

__ 2 A^ sn*^'Cn*i^ _ 2 dn* u 

1 — Aj* sn* u 1 — A;* sn* u 

W41 oi «^ I ^ — en w 1 — dn w dn t^ — en w 

711. sn* - = 



m 



-h dnu A;* (1 4- en u) k'^ + dn u — A;* en i« 



719 «/^-^ __ dn % + en w _ A;* en w — A;'* + dn n 
71^. en \^^J - ^_^^^^ - A;*(H-eniO 

_ A;^* (1 + en ti) 
A;'* + dn w — A:* en u 
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'i AA k'^ -\- dn u-\- ¥ en u _ k^ {ow u 4- dn ti) 

713. dii^-j- 1 + dni^ " k\l-^onu) 

k^^ -^ dnu — k^ en u 

I — ; =7 

•> V(l - Z') (1 - k^Z^) 

714. sn* w — sn^ v = en* v — en* ti. 

_,^ _ , ^ sn % • en V • dn v ± en w • sn V • dn w 

715. sn(w±i;) = =-= — 5 5 

-,^« , ^ en i^-cn V zp sn w-sn v-dn t^-dn V 

716. cn(u±v) = r^ — z i 

^ ^ 1 — k^ sn'* u ' sir v 

= en w • en v qz sn w • sn i; • dn (w ± v), 

^^^ - , . dn w«dn V =F P sn ?^sn t;cn t^-en V 

717. dn (udzv)=^ . ,g — ^ 5 

^ '^ 1 — A;^ sn^ i« • sn^ v 

= dnu'dnv zpk^ siLU'Snv'Cii(u±v). 

---o , , . tn w-dn V d= tn v-dn w 

718. tn(u±v) = - 7 ; -. i 

^ ^ 1 qz tn 1^ • tn t; • dn w • dn V 

•VIA , . V . , X 2 sn t* • en V • dn V 

719. sn (u + v)-\- sn (u — v)= t^ — i ;— • 

^ ^ ^ ^ 1 — k^ sn* u • sn* v 

mntx / . N / . 2 sn V . en t^ • dn «* 

720. sn (w + v) — sn (w — v) = — — — 

^ ^ ^ ^ 1 — k^ sn* u • sn* v 

ivm / . N . / V 2 en t^ • en 1? 

721. en(iA + v)+en(w — v)= :j —^ — ^ —^ — 



1 — k^ sn* u • sn* v 



mc%c% / . V , V 2sn w-sn v-dn w-dn V 

722. Gii(u + v) — en(w — v) = — ^ — ji — z 1 

^ ^ ^ ^ * 1 — Aj* sn* w • sn* v 

woo J/ . S.J/ N 2dnw.dnv 

723. dn(t* + r)+dn(iA-i;)=q 75 — 2 T" 

^ ^ ^ ^ 1 — Jr sn* u • sn* t; 
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^^. - , . ^ , , ^ 2k^ &nU'SnV'Cnu'Cnv 

724. dn(u + v)-du(u-v) = 1 _ ^^ ,^.^.,^^, 

725. sn (w 4- v) • sn (u — v) = tt — i ^ 

__ en' V + sn* i^ • dn* v ^ _ 1 ["dn* v -f- A:* sn' u • en' ?^ "1 
"^ 1 — A;' sn' w • sn' i; A:* L 1 — A;' sn' w • sn' t; J 

^«^ X.N , N en' w — sn' v + A;' sn' i* • sn' v 

726. en (w + v) • en (% — v) = ^ — — 

^ ^ ^ ^ 1 — Ar sn' 2* • sn' i; 

en' u + en' v i __ -i ®^' ^ ' ^^* ^' "^" ^^* ^ ' ^^* ^ 



1 — A;' sn' u • sn' i; 1 — A;' sn^ w • sn' v 

727. dn(M + v)-dn(w — v) 

__ 1 — A;' sn' u — A;' sn' ?; + A:* sn' u • sn' v 

1 — A;' sn' w • sn' v 

dn'i* + dn'v 



1 — A:' sn' u • sn' v 

^^g. , ^ , . sn w • en t« • dn v ± sn V • en V • dn w 

728. sn(w±t;)en(w=f:v) = :j 75 — ^ 5 

^ ^ ^ . 1 — At sn'w-sn'v 

^g^ , . , , . sn w • dn w • en t? ± sn V • dn V • en w 

729. sn(«±,;)dn(«:Fr)= X-1^ ^r^^u.^r^H 

««^ , V , , N enw-dnw-ent;-dnv=FA:"snw-snv 

730. en(w=tt;)dn(wq=i;) = ji — ^ ^ 

^ ' ^ ^ 1 — At sn' w • sn' 1; 

•«A« .-^ X . V -. .-^ r V -1 (en V ±: sn Tf • dn v)' 

732. sn (wi, Aj) = i sn (w, k})/(in (w, A;'). 

733. en (wi, Aj) = 1 /en (w, A;'). 

734. dn (ui, k) = dn (u, k')/cn (w, A;'). 
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--rt- d am u - 

735. — ; — = an u, 

du 

«rt^ d ^TLU _ 

736. — ; — = en 1^ • an u, 

du 

737. — ; — = — sn w • du xi, 

du 

^ d dn u „ 

738. — ; — = — At sn w • en t/. 

739. ^^^^ = 2Aj«sn»t*-(l + A:^snw. 

740. ^^^^ = (2A;2-l)enw-2Aj2cn»t*. 

741. ^^|^ = (2-A;0dnM-2dn»w. 

742. sn (w it ^) = ± en i^/dn w, sn (w ± 2 -ff") = — sn w, 
sn (?« zh 3 ^) = ip en w /dn w, sn (i* =fc 4 K) — sn w, 

sn (m H- /f i) = 1 / A; sn w, and, if m and n are integers, 
sn (w + 2 mK + 2 nKi) = (- 1)"* sn w. 

743. en (u zb ^) = zp A:' sn w/dn w, en (w rt 2 K) = — en w, 
en («* ± 3 iT) = ± Aj' sn w/dn w, en (w zb 4 -K") = en u^ 

en (w + E!%)= — idcuu/k sn m, and, if m and 7i are integers, 
en (w + 2 mK + 2 n^i) = (- !)"•+» en u. 

744. dn(wzhiC)=A;7dnw, dn (w ± 2 if) = dn t*, 

dn (w 4- JSTi) = — i en w/sn u, and, if m and n are integers, 
dn (w + 2 miC + 2 ?iiC'i) = (- 1)" dn w. 
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D. — Series and Products. 

[The exprefision in brackets attached to an infinite series shows values 
of the variable which lie within the interval of convergence. If a series 
is convergent for all finite values of x, the expression [x^ < oo] is used.] 

745. (a 4- ^)" = a" + na«-^^ 

, n(n-l) -_8,, , w!a«--*6* 

2! (n — k)l kl ^ -* 

746. (a-J.)-. = i[l+^ + *^ + ^ + ...]. [,V<«»] 

747. (1 zhx)" = 1 ±«J! + "^\T ^ ' ^ a;' 

n(n-l)(n-2)a^ (±l)*n!a^ 

3! ^ ^(n-A)!A!^ 

748. (1 ± a;)-" = 1 =F wa; + ^^^^til x» 

^ I 

n(n + l)(n + 2)!>^ . , ,^ (w + fe - 1)! a;* . 

=^ • 3! ^ + ' ■ •(=^> (n-iy.kl + • • ■• 

[a;» < 1.] 

749. (l±a:). = l±ia,-|^a^±i^a- 

~ 24.68 * "^ * * *• L^ ^ 1-J 

750. (l±.)-» = lzpi. + |^.«^|^a^ 

1-3-6-7 

+ 2-4.6-8 ''^'"- [«^<1-] 

751.(l±a:)» = l±4x-|^.«±|^x. 

1-2-5-8 ^ . 
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1-4 .^h±l^ 



752. (l±x)-i = l^=ix + ^^x-=Pj-^^ 

, 1-4-710 , r 2^1 T 

753. (l±x')* = l±ix'-^±^^^^- ^,^.e,3 ±---- 



[a^<l.] 

754. (i±*r*=i^***+H**^l^'''"^'"- 

[ar" < 1.] 

755. (1 ± a;)-' = 1 qi a; + a^ q: «' + «* =F «* H • [a;' < 1.] 

31 , 311 . 

756. (1±«)' = 1±I« + 2:4«^2T4T6 

+ 2:4:6:8^ =" 2-4.6.8. 10 ^+ •••• t^"^^-^ 

757. (l±a;)-» = lT|a; + |^a^q^|^J^a^ + -". [a!»<l.] 

758. (l±:x)-^ = l^:2x + 3x>^:ix^ + 5x*zp6afi-\ . 

[a;» < 1.] 

759. 6' = l+x + |-' + |J + ---. [a;»'<eo.] 

760. a'' = l+xlosa+^^^ + ^^^+-.i^<^.:i 

761. i(e' + e-')=l+g + f->f-;+---. [a^<«.] 

762. i(e»-e-')=x + |j + gj + |-, + -". [a^<oc.] 

763. ^r"' = 1 - x« + Ij - |j + f' . [x«<oo.] 
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A series of numbers, Bi, Bz, B^ \' *, of odd and even 
orders, which appear in the developments of many functions, 
may be computed by means of the equations, 



2yi(2ji-l) 

2\ 



^2n oi ^2«-2 



^ 2n(2.-l)(2.-2)(2.-3) ^^^_^_...^_^^„ ^^ 

Whence B, = i, A = 1, ^s = ^, B, = 5, B, = ^, B, = 61, 
B, = ^,Bs = 1385, B, = /^, B^o = 50521, ^n = ^'^, ^12 = 
2702765, ^8 = h etc. The ^'s of odd orders are called 
Bernoulli's Numbers ; those of even orders, Euler's Numbers. 
What are here denoted by ^2»-i and ^sn ^^^ sometimes rep- 
resented by B„ and U„, respectively, 



(2 71)1 (22«-l)7H 

An 



_ri+j_+j_4.j_+...i 

„ J^ n- g2w ' 52« • J2« ~ 



(2«)! 7r*« + »L 3"" 5*« 7*» J 

» _-! ^1 Aa;' -g,a;* ■B^a;'' .g^a;' 
e«-l 2"^ 2! 4! "^ 6! 8! "^ 



[a; < 2 TT.] 



765. loga; = {x - 1)- i(a; - l)' + i(a; - 1)» . 

[2>a;>0.] 

a; - 1 , , /a; - iX'' , , /a; - l\\ 

[a;>i.] 
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m,.,« = 2[|^+i(|^)V»(|^)V...]. 

[a!>0.] 

768. log(l+a;) = a!-^«» + ia^-ia;*H . [«*<!.] 

769. \og(j^^ = 2[x + ix' + ix' + ^x' + ---l [a^<l.] 

771. log(.+VrT^) = x-^f + i^-,i^+-.. 

[cc^<l.] 

Series for denary and other logarithms can be obtained 
from the foregoing developments by aid of the equations, 

loga« = loge« • ^og^e, log^x = log^x • log^a, 
loge (- «) = (2 71 + 1) iri + log,«. 



772. sin aj = a: - li + — - yi H . [«* <Q0.] 

/yj2 /jp4 /gO 

773. cosx = l— — + — — — H = 1 — versincc. [x'^ < oo.] 

2! 4! d! 

^^^ . . ic» . 2a;* 17 a;^ . 62 aj» 

774. tana. = x + -4--j^ + ^j^ + 2835 

2*»(22»-"l)^2„_ia;2»-i ^ • n a^i-^n 

^^w X a? a^ iW ar a? 

775. ctnaj = t^ — t;: — tttt: — 



a; 3 45 945 4725 



^»,-i (2 a;)" ra^<,r».] 

a;(2n)! •- -■ 
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x" . 5a:* . 61a;« . . B^^t? 



e.....[.<^] 



777. cscx = - + 3j + — + — 

+ ■■■"*" (27+2)! ^'"+'^"^'-^'"- Ca''<'r'.] 

__o . , , a;» 1-3 a^ , 1-3-6 «' 

778. 8m-x = a, + - + 2:^.^ + 2:^.- 

+ • • • = ^ TT — C08~*a;. [a;* < 1.] 

779. tan-*a5 = x — ^3? + ^a^ — \x^ + • • • = ^ir — ctn-'a;. 

780. t^rr^x = '^-\ + ^-^+--', [a:»>l.] 



781. sec"^a; = 



2 a; Sa:* bx'' 

TT 1 1 13 135 



• • • 



2 a; 6a;2 2.4.5a:' 2.4.6.7a:^ 

= J^TT — csc~^a;. [a:'>l.] 

782. log sin a; = log a; - i x^ _ ^^^ ^4 _ ^^^ ^.6 



2«»-^J52„_ia;2» 



n(2n)! 
783. logcosa; = -ia:^-TVa:*-:^a;«-3yiJ^a:8 



[a:« < 7r».] 



22«-i/22n_i)j5 a:2» ^ .^ , _ 



784. logtana: = loga:4-ia:2 4-/^a:* + ,|§5a:« 

^ (22— i-l)22»J52„_,a:2« r 2^,_2-. 

n{2n)\ L • J 



785. e- = l4.a: + ~- — - — - — + ^^ + 



[a:* < 00.] 
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93 



786. e~- = efl-2T + -4!---6r+-"7* [«<*•] 



' 3a:» . 9a;* , 37 «» 



787. e-^ = l + x + |j + ^ + ^+^ + ----C=«'<i'^-] 

788. e--'^ = l+x + |5 + ^ + ^+---- [-^<1-] 

1 . X* X*, 7 as* r^a-^-1 n 

789. «•" ' = l+a! + -2--6-2r ' [a'<l-J 



790. sinhx = a; + ^ + g + f^ + ---. [a,«<oc.] 



X^ . X* . X* , «' 



791. coshx = l + | + |j + |T + iT + '--- i:=^<^-] 



.8 



792. tanh x = (2» - 1)2*B^ J - (2* - 1) 2* A fj + • • ' 

= S r(_ i)«-i 2«-(2»" - 1) 5a,_i x»— 7(2 n) !]. 

793. ctnhx = -(1 + S[(- l)""' 2'»5e„_ia;«V (2 «)!])• 

794 sechx = l + S[(-l)-^2»«'V(2»)!]- [a!'<i'r».] 

795. cschx = i + (2 -l)2£i|j - (2»- 1)25. jy + • • • 

= i(l + 2 S[(- 1)''(2*"-' - 1) -B,„_i a!'V(2 «)!])• 

. 1-3-x* lZ-5-x' , p j^^ -, 

796. 8inh-» X = X - J x» + 27475 - gTTeTT + ' ■ ■ • l^* ^ -' 
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797. taiih-iaj = x + |V^-hy+---. [x2<l.] 



798. ctTih-'x = --^^. + — -, + '-. [«'>!•] 

1 11-3 1-3. 5 

799. csch x-^ 2.3.V"^2.4.5.x' 2 .46. 7 x^ ^ ' " ' 

[a;2>l.] 

Jo l+x^^a a-|-6"^aH-26 a + 3&"'"*"' 



803. f(x + h)= f(x) -f A •/' (x + ^A). 

804. f(x + h)= fix) ^h-f(x) + f^r (^) 



-f • •• + ::;7-/"(« + tfA). 



ni 



805. f(x + h)= f(x) + h •/' (X) + 1'/' (x) 

806. /(a; + A, y + k) =f(x, y) + hf^{x +,eh, y 4 0k) 

+ kf'^{x + 0h,y + 6k). 

807. /(x + A, , + *) =/(., ,) + {h'-I^ + k'-^) 



+ 



2!\ ^x^ ^x-^</ ^y* / 
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5 ! \ cx^ cj • cx^ ex • Cl/^ 



+ 3! 






/(a;, y) + (AD, + AZ),)/(a:, y) + |j (AZ), + A;i),)V(«, y) 

■^ ■ ■ ■ + (^T^ (^-^^ "^ kD,Y-'fix, y) 
+ ^ (AX>, + kD„Yf(x + eh,y + Bk). 

it I 



808. 1 = — sm hi sm h i sin h • ' • r 

[0<a<c.] 

QAA 2 c r . TTX , . 2 TTic , ', . 3 Traj "I 

809. x = — sm * sm \- * sin • • • • 

ttLc c* c J 

[— c<x<c.] 

o-/> c 4cr irx 1 Sttx 1 Sttx, "1 

810. a = o — ^ cos h^cos H^cos 1 • 

2 IT [^ c 3^ c 5^ c J 

[0<a:<c.] 

TTX TT^ . 2 TTX 

- — -r \ Sin 77 sin 



«. «..?,- [(f-i).i 



c 2 

4 TTX 






Q10 2 ^ ^^ r "^^ 1 2 7ra5 1 

812. aj^ = n- COS ^ cos V -^^ 

3 TT^ L c 2* c 3 



cos 



3 7ra5 



3^ c 



14 7ra;,n r^-^T 

— T^cos h • • • • \ — c<^x<^cA 

4* c J 



9t) 
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813. logsin^aj = — log 2 — cosx — ^ cos 2 a — J cos 3a; — • ••. 

[0<a;<i7r.] 

814. log cos ^aj = — log 2 -|- cos x — ^ cos 2 a H- ^ cos 3 x . 

[0<aj<i7r.] 

815. f{x) = J 6o + 6i cos h 6, cos h • • • 

4-aiSin ha2Sin [-• • •, [— c<a;<c.] 

c c 

where ^„ = - I /(«) cos da, 

rmra 



1 f'^^, V . rmra 

C %/—c C 



»— [-©•][-(0][-(fJ]-- 

[^ < 00.] 

— [-(^T][>-(0][-(0]- 

12. 32. 6* • • • (2m -hi)* 2 



> 



2'.42.62 ' - ' (2m)V2m + l) 
12.32.52- • • (2w + l)2 



819. Jn(^) = 7^Al'- 



X' 



+ 



cc' 



2(27i+2) 2.4(2 7i4- 2)(2w-h4) 



X' 



2 . 4 . 6 (2 fi -h 2) (2 n + 4) (2 n + 6) 



+ 



} 



• • V . 
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E. — Derivatives. 

820 ^(^^) — <^du 
dx dx 

^^1 c?(^^ + v) _^du dv 
dx dx dx 

AAA d(itv) du , dv 
822. — V~^ = v ^- + w -r- • 
dx dx dx 



823. 



fu\ du dv 

\vj _ dx dx 



dx V 



2 



824. if(]^^ifM.^. 

dx du dx 

825. d^f(?') ^if,<P^ I d*f du\ 

dx^ du dx* du* «te* 

826. ^ = na!»-». 

827. ^ = e'. 

dx 

AAA ^«" C?Z« , 

829. ^ = x-(H-log.a!). 



830. 



c?x aj • log^ a 



831. — ; = cos X, 

dx 

832. — 1 = — sin X. 

dx 
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^« eZ tan x j 

833. — ; — = sec^x. 

ax 

834. — ; = — csc'aj. 

ax 

-.«_ d sec X 

835. — ; = tan x • sec x. 

ax 

-,«^ rf CSC a; 

836. — - — = — ctn X • CSC x. 

ax 



-.«>, c? sin~^a; 

837. 

ax 

d cos~^a: 
dx 

d tan"^a; 
dx 

d ctn~^a5 
dx 

d ^ecr'^x 
dx 

d csc~*aj 



838. 



839. 



840. 



841. 



842. 



VI -x> 


-1 


Vl-a;« 


1 


1+3^ 


1 


l+x» 


1 


x-y/x^ — 1 


1 



dx xWx^ — 1 



«-« c?sinha; , 

843. ; = cosh X. . 

dx 

OAA c^ cosh a; . , 

844. ; = smh x. 

dx 

845 ^tanhx ^^ 

dx 

846. = — csch^o;. 

dx 
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^.„ d sech X X. ^ X. 

847. = — seen x • tann x. 

ax 

848. ; = — csch X • ctnli x. 

ax 

jj-^ d sinh~^a; 1 



850. 



851. 



852. 



853. 



854. 



dx Vx^ + 1 

d cosh" ^ x 1 



dx Vx^ — l 

c?tanh~^a; 1 

c^ 1 — a* 

c? ctnh~^a; _ 1 
dx 1 — a5^ 

c?sech~^a; —1 



d csch~^a5 — 1 



da 



«te X Va;« + 1 

855. ^jyix)dx=f(b). 

d r^ r^ dh 

857. ^ J^ /(x, c) tZa; =J^ DJ(x,c) . (Za: +/(^ c) -^-/{a, c) 

dx^ ~~ dx^ dx dx^~^ 

. n(n — V) d^v d^~*u , , d"v 

^2! dx^ dx""-^^ ^ dx^ 

859. If f(x, y, «, • • •) is a homogeneous function of the nth. 
order, so that f(Xx, Xy, \z, ' ' -) = X^f(x, y, z, - * •), 

xDJ+y^DJ+zDJ'\-^-^nf. 
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860. Itx = <lt(y), 

dy ^ 1 ^ ^ _ < ^" (y) 

dx~^'{y)' da?- [^'(y)]*' 

d^ [*'(y)]» 

861. If X = /(<) and y = <^ (t), 

dy^f^ d^y_ f(t)r(t)-f'(t)-<l>'Ct) 
dx /'(«)' da? [/'(<)]• 

862. If/(a;,y) = 0, 

dx dx ' dy Dyf 

dV 2>//- (2)./)» - 2 D.i),/- A/- DJ+ D*f. jDJ)* 

da? (!),/)» 

863. If y =f(u, v), u =-<^(a;), and v = ^(«), 

c?/* df du df dv , ^ /, . , ^ .. 
c?a: du dx dv dx "'' *'''' 






Su' \dxj du-dv dx dx d*v \dxj 



du da? dv dx* 

+ u".DJ'+v"-DJ. 

864. If f{x, y, z) = 0, B^ - - BJ'/BJ, 
D*z lD*f.{D,f)* 

- 2 DJ. DJ. DJ)J-\- D^f^DJY] I (Djy, 
DJ>^ = - [DJ),f. (p,fy - DJDJ. DJ)J 

+ DJ. DJ. DJ)J+ DJ. DJ. D*f\/(D,f)\ 
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865. If F= <^(m, v), u =fi(x, y), and v =/2(a5, y), 
D,'V= DJ ^ ■ (!),«)'+ Z)/ </. • (2>,«)» + 2 DA <^ . i),z* . i).« 

+ D^D, <t> {D.^ ■ D,u + Dji ■ Djo) 
+ 1>« ^ • DJ),u + A .^ • Z) ^y , 

D/ F + D/ r = 2),V • [(Aw)' + (A")*] 

+ AV.[(D,t;)^ + (D,^)^] 

+ 2)„^ • [2)/« + I>/m] 
+ 2),.^ • [D/t; + i)/y]. 

In the special case, m = r = Va:* + y*, v = 6 = tan~' (y/x), 
we have I>^ = cosd = x/ ^x^+y^; X>,.y = siufl = y/Va;*+y*; 

l>#a; = — r sin 6= — y; D^y = r cos tf ^ a- ; 

• 

D^r = a; / Va;* + y' = cos ^ ; Z>^r=y/ VaM-p = sintf; 
DjS=-y/(x^ + y')=- siaO/r; 
I>j9=x/(x^ + y^ = cosO/r; and 

i),«r+ i)/r= AT+ i-AFH- i- A'F. 

866. If F= <^(m, »), M =/i(»-, ff), and « =/,(r, ^), 



+ 2i>.i>„F[A«.D,. + ^^]^.. 
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+ 



867. If r= <l>(u, V, w), u =fi(x, y, «), v =/,(«, y, z), and 

+ A* F. [(i>,«;)^ + {D,vy + (^D^vy-] 

+ DJ Vl(D,wy + (D,wy + (D.w)^] 

+ 2 D^I>„ V- IDju, ■ D^v + D^u ■ D^v + D^u ■ D,v] 

+ 2 AI>«. ^- [-»x» • -O^w + i),?' • I>„w + D,v ■ I>,w] 

+ 2 2)^, F- [D^w • D^u + Z),m; • D„n + D,rv ■ D,«t] 

+ D,V. [2)> + D/Jt + A'm] 

+ A f'- [-»> + -»/" + -P>] 
+ 2)„ F- [2>> + D/w + 2)>]. 

In particular, if 

x = r sin cos <^, y = r sin tf sin <l>, z = r cos tf, 

BO that MHr* = «» + y» + a», t;sd = tan-» ( V^Ty^/a), 
w H <^ = tan~' (y/x), we have 



2)^ = cos (9 = «/ Vo!* + y» + «» ; 
DfX = sin tf cos ^ = «/ Va^ + y* + a' ; 
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D^y = sin ^ sm<^ = y/ Vx^ -|- y^ + «^; 
Dez = — r sinO= — Vx^ -h y'^ 






D^ =r cosO cos </> = zx/ VV + p ; 



Dgy =r cosO sin </> = «3// VxM-p ; 

-D^a; = — r sin ^ sin <^ = — y ; 

D^i/ = r sin ^ cos <^ = a; ; 

J)^r = «/r = cos ^; 

D^e = - ^x" + flr^ = - sin tf/r 5 

2)^7. = ic/r = sin cos <^ ; 

D^Q = xz/r^ Va;^ -h y^ = cos ^ cos <^/r ; 

^x* = - 2//(aJ^ + 2^) = - sin <l>/7' sin ^; 
2)^r = y/r = sin ^ sin <^ ; 
X>^^ = .t;?//?^ Va;^ + y^ = cos ^ sin </>//•; 
i)y<^ = ic/(a:;^ + 1/) = cos <^/r sin $ ; 

(i>,F)«4-(D,F)2+(AF)^ 

^4-^ IaC^ ah- sin ^ + ^^- + A(sin ^ • A F)l 
r'sm^L sin^ ^ J 
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868. If X =fi(uy v), y 



fa(u, v), z- 












I>uJ\DJ^-DJxI>Jt 



869. If X =f{z, m), and y = ^(z, u), 

D^ = DJI (A ^■I>J- A/- I>A)' 

870. If F),{x, y, z, u,,v) = 0, 

Ft (x, y, z, u, v) = 0, and F^ (x, y, z, u, v) = 0, 



I>^ 



A^i 


I>uFi 


A^'l 




DJ', 


DuF, 


I>,F^ 


i>^'. 


I>.F. 


DJ\ 





A^2 


D.F. 


D.F, 


i>^. 


A^. 


D^Fz 




D.F. 


I>uF, 


D.F, 



871. If F^ (aj, y, z) = 0, and F^ (x, y, z) = 0, 

dy dz 



dx 
D^F^D,F^-D„F^D,F,' 



If each of the quantities yi, y^, ysy ' ' ' Vn is a function of 
the n variables aii, iCj, scs, • • • aj„, the determinant, 

^xi^l ^xg^l J>x^x ' ' ' 

I>x^% I>x^2 ^8^2 • • • 



^xi^n ^xj/n ^^J/n ' ' ' ^xjn 
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is called the functional determinant or the Jacobian oi the 
]/& with respect to the x's and is denoted by the expression, 

gyg a (yi> ^2, y8> ' • • y«) . a (^i, ^2^ g» - • • ^n) 

a («i, «2, «8, • • • «») a (ari, iCa, x,, • • • aj„) 

^ a(yi, y2> ys, • • • yn) . 

" a (xi, icj, «„ • • • «^) 

If the y's are not all independent but are connected by an 
equation of the form <^ (3/1, y^, Vz) * * ' Vn) — 0, the Jacobian 
of the y's with respect to the x's vanishes identically ; and, 
conversely, if the Jacobian vanishes identically, the y's are 
connected by one or more relations of the above-mentioned 
form. 



The directional derivative of any scalar point function, u, 
at any point, P, in any fixed direction FQ', is the limit, as 
FQ approaches zero, of the ratio of Uq — Up to FQ, where 
© is a point on the straight line FQ' between F and Q', The 
gradient, h^, of the function u at P is the directional deriva- 
tive of u dX F taken in the direction in which u increases 
most rapidly. This direction is normal to the surface of 
constant u which passes through P. 

874. V= (^.w)' + (A^^)' + (A^^)'. 

The directional derivative of any scalar point function at 
any point in any given direction is evidently equal to the 
product of the gradient and the cosine of the angle between 
the given direction and that in which the function increases 
most rapidly. 
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The normal derivative, at any point, P, of a point function 

M, taken with respect to another point function v, is the limit 

as P© approaches zero of the ratio of Uq — tip to Vq — Vp, 

where Q is a point so chosen on the normal at P of the 

surface of constant v which passes through P,* that Vq — Vp 

is positive. If (w, v) denotes the angle between the directions 

in which u and v increase most rapidly, the normal derivatives 

of u with respect to v, and of v with respect to u may be 

written 

h^ cos (w, v) -^ h^, and h^ • cos (w, v) -5- h^ 

respectively. If h^ = h^, these derivatives are equal. 

F. — Miscellaneous Formulas. 

If 5 is a plane analytic closed curve, n its normal drawn 
from within outwards, and dA the element of plane area 
within s, the usual integral transformation formulas for the 
functions u and v which, with their derivatives of the first 
order, are continuous everywhere within s, may be written — 

875. j u ' cos (Xf n)d8 = i I Djc • dA. 

876. I [w • cos (xj n) -\-v- cos (j/, n)']ds= I j (D^^u -f D^v) dA, 

877. Cd„u ■ds= C r(2>> + />//0 ^^• 

878. r C(D^u • D^v -h Dyti . D^,v) dA 

= fw D^V'ds- C Cu (B^v + i>/<^) dA 
= fv . i>„w 'ds- ii Cv {D^u + i>/tO dA. 

879. C C\{D^U'D^v-\- D^U'DyV)dA= CxuD^v-ds 
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If ( and Tf are two analytic functions which define a set of 
orthogonal curvilinear coordinates, and if ($, n) and (17, n) 
represent the angles between n and the directions in which 
i^ and -q^ respectively, increase most rapidl}'. 

880. j I h^'hy^* dA-z--] ^^ = i U' cos (?;, n) ds, 

881. j I h^'h^' DA-j--jdA= { U' cos (|, n) ds, 

882. If r is the distance from a fixed point, Q, in the coordi- 
nate plane, 

I ^ — - — = 0, TT, or 2 TT, according as Q is without, 

on, or within s. 

If S is an analytic closed surface, n its normal drawn from 
within outwards, and dr the element of volume shut in by S, 
the usual integral transformation formulas may be written — 

883. r Cu cos (x, n)dS= C C C D^u • dr. 

884. I I [^ cos (Xy n) -\- V cos (2/, n) -\- w cos (z, n)] c?*S 

885. r Td^w . (/5 = f r f (Z)> + Dyhi -h 2),2«) t^r. 

886. C C C (D^u . D^v -h i)y^« • i)^,v + D,ic ' D,v) dr 

= CCtC'D^V'dS- C C Cu (DJ'o + D^^v + J9/y) 6?t 
= CCv'D^U'dS- C C C V (Dju + DJ'u -h DJ^u) dr. 
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887. f f f^ (J^xW • ^x^ + ^y« • A'^ + A«* • Av) dr 

If f , iy, i; are three analytic functions which define a system 
of orthogonal curvilinear coordinates, 

888. fff^i h^'h^'D^ ( rV) ^'^ "^ff^ ' ^^^ (^' ^) ^^' 

889. fff^i 'h^'\'D^( Yh} dr =J^u ' cos (17, n) dS. 

890. fff^i h^h^'D^ ( fV ) ^'^ ""X r^* * ^^^ ^^' ^^ ^'^^ 

891. If r is the distance from a fixed point, (J, 

j ^j — ^ ef aS = 0, 2 TT, or 4 TT according as Q is without, 

on, or within S. 



Stokes's Theorem. — The line integral, taken around a 
closed curve, of the tangential component of a vector point 
function, is equal to the surface integral, taken over a surface 
bounded by the curve, of the normal component of the curl of 
the vector, the direction of integration around the curve form- 
ing a right-handed screw rotation about the normals. 

If X, Y, Z are the components of the vector, 

892. C{Xdx + Ydy -f Zdz) = f f[(D^Z - D,Y) cos (x, n) 

-\- (D,X-D^) cos (y,n) 
-\-(D^Y- D^) cos («, n);\dS. 
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Equations 893 to 897 give Poisson's Equation in orthogonal 
Cartesian, in cylindrical, in spherical, and in orthogonal curvi- 
linear coordinates. 

893. \2r=2>^«F+i>/r+i),»r=-4 7rp. 

895. smO^I)Jr^'D,V) + ^^ 

+ DeisinO-DeV) = - 4twpr^sme. 

896. Af«.2>^*r-f v-A'^+V-A'^ 

897.A,.A,.A,{2>,(A..2>,r)+2>,(4Ar) 



+ 2), 



fe-^^^)}^-''^'^ 



G. — Certain Constants. 

TT = 3.14159 26535 89793 
logio TT = 0.49714 98726 94134 

- = 0.31830 98861 83791 

TT 

TT* = 9.86960 44010 89359 

V^ = 1.77245 38509 05516 

logio 2 = 0.30102 99956 63981 

e = 2.71828 18284 59045 

logio e = 0.43429 44819 03252 

log, 10 = 2.30258 50929 94046 

log, 2 = 0.69314 71805 59945 

logio logio « = 9.63778 43113 00537 

log^7r = 1.14472 98858 49400 
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H. — Gkxekal Formulas of Ixtegratiox. 

F and / represent functions of x, and F\ f\ F^\ /", their 
first and second derivatives with respect to x. 

898. Cr /. dx = F f -(P'f ' dx. 

. C{Fy 'F'dx = (F)' + y(« 4- 1). 

. C(aF -f by F''dx = (aF -f by ^ \'a (n + 1). 

. J(F+/)*'dx=jF(F-^f)'^-'dx-^Jf{F-\-f)'-'dx. 

. CFy(Fy-dx = -l/(n-l)(F)''-\ fF'/F'dx = logF. 



899. 



900 



901 



902 



901 f(F'f- F'/yFf. dx = log (F/f). 

905 f ^^ = ± f ^^ _ i_ r ^^ 

J/'.(x2-a2) 2aJ F'{x-a) 2aJ F-(x'}-a) 



F(F±/) J Ff^J f{F±f) 

^ y/aF -^ h 

908. f-^-^^ = log(J^ + Vi^" + a\ 

909. ■ ^ . ..^ ^ . ar 



/ F'dx a r dx h C 

(F-^a)(F-\-b)~' a-bJ F+a~ a-bJ F-^b 

/ F'dx r e^a; C ^_dx__ 

(F^fy^ J {F^fy-^~ J {F^-fy 



on CJ—^ 1 . -1^^ C F'dx 1 . 2Z!-£ 
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»"■ SBw.- - ' ^ St^" 



jp2i 



913. r^^ = -^an-.r^) 
^^A r F'dx 1 , 



915 



aF+b 



/ F^'^'dx __ r F'^'dx r 



{F^-b) J 2{F^-\-b) 
916. f-^=^ = sin-Yf:Y 
a^^ r F'dx 1, F 



aF—h 
F 



Q1R r F'dx 1, 

919. r__X= = i sec- • r^V 
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INTERPOLATION. 

If yalues of an analytic function, /(x), are given in a table for a number 
of values of the argument x, separated from one another consecutively by 
the constant small interval, d, the differences between successive tabular 
values of the function are called ^rs^ tabular d'fferences, the differences of 
these first differences, second tubular differences, and so on. The tal ular 
differences of the first, second, third, and fourth orders corresponding to 
x= a are 

Ai=/(a-f (5)-/(a), 

A2=/(a + 2 5) - 2 ./(a + 3) +/(a). 

As =f(a + 3 3) - 3 /(a + 2 5) + 3 ./(a'+ «) -/(a), 

A4=/(a 4- 4 8) - 4 ./(a + 33) + 6 -/(a + 23) - 4 ./(a + 3) +/(a), 

where /(a) is any tabulated value. 

The value of the fimction for x = (a + ^), where A = A;3, is 

/(a + h) =f(a) + * . Ai + "" . Aa + -^^ ^ • As 

A:(fc^l)(A:~2)(fe-3) 

H T-; A4 4- • ••• 

4 1 
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Values of the Complete Elliptic Integrals, K and E^ for Different 

Values of the Modulus, k. 



sin-ifc 


A' 


E 1 


sin-ifc 


K 


E ^ 


-gjfi-^ 


K 


E 


0° 


1.5708 


1.5708 


30° 


1.6858 


1.4675 


60° 


2.1565 


1.2111" 


1° 


1.5709 


1.5707 


31° 


1.6941 


1.4608 


61° 


2.1842 


1.2015 


2° 


1.5713 


1.5703 


32° 


1.7028 


1.4539 


62° 


2.2132 


1.1920 


3° 


1.5719 


1.5697 


339 


1.7119 


1.4469 


63° 


2.2435 


1.1826 


4° 


1.5727 


1.5689 


34° 


1.7214 


1.4397 


64° 


2.2754 


1.1732 


5° 


1.5738 


1.5678 


35° 


1.7312 


1.4323 


65° 


2.3088 


1.1638 


6° 


1.5751 


1.5665 


36° 


1.7415 


1.4248 


66° 


2.3439 


1.1545 


70 


1.5767 


1.5649 


37° 


1.7522 


1.4171 


67° 


2.3809 


1.1453 


8° 


1.5785 


1.5632 


38° 


1.7633 


1.4092 


68° 


2.4198 


1.1362 


9° 


1.5805 


1.5611 


39° 


1.7748 


1.4013 


69° 


2.4610 


1.1272 


10° 


1.5828 


1.5589 


40° 


1.7868 


1.3931 


70° 


2.5046 


1.1184 


11° 


1.5854 


1.5564 


41° 


1.7992 


1.3849 


71° 


2.5507 


1.10% 


12° 


1.5882 


1.5537 


42° 


1.8122 


1.3765 


72° 


2.5998 


1.1011 


13° 


1.5913 


1.5507 


43° 


1.8256 


1.3680 


73° 


2.6521 


1.0927 


14° 


1.5946 


1.5476 


44° 


1.8396 


1.3594 


74° 


2.7081 


1.0844 


15° 


1.5981 


1.5442 


45° 


1.8541 


1.3506 


75° 


2.7681 


1.07^ 


16° 


1.6020 


1.5405 


46° 


1.8691 


1.3418 


76° 


2.8327 


1.0686 


17° 


1.6061 


1.5367 


47° 


1.8848 


1.3329 


77° 


2.9026 


1.0611 


18° 


1.6105 


1.5326 


48° 


1.9011 


1.3238 


78° 


2.9786 


1.0538 


19° 


1.6151 


1.5283 


49° 


1.9180 


1.3147 


79° 


3.0617 


1.0468 


20° 


1.6200 


1.5238 


50° 


1.9356 


1.3055 


80° 


3.1534 


1.0401 


21° 


1.6252 


1.5191 


51° 


1.9539 


1.2963 


81° 


3.2553 


1.0338 


22° 


1.6307 


1.5141 


52° 


1.9729 


1.2870 


82° 


3.3699 


1.0278 


23° 


1.6365 


1.5090 


53° 


1.9927 


1.2776 


83° 


3.5004 


1.0223 


24° 


1.6426 


1.5037 


54° 


2.0133 


1.2681 


84° 


3.6519 


1.0172 


25° 


1.6490 


1.4981 


55° 


2.0347 


1.2587 


85° 


3.8317 


1.0127 


26° 


1.6557 


1.4924 


56° 


2.0571 


1.2492 


86° 


4.0528 


1.0086 


27° 


1.6627 


1.4864 


57° 


2.0804 


1.2397 


87° 


4.3387 


1.0053 


28° 


1.6701 


1.4803 


58° 


2.1047 


1.2301 


88° 


4.7427 


1.0026 


29° 


1.6777 


1.4740 


59° 


2.1300 


1.2206 


89° 


5.4349 


1.0008 
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Values of F(k, ^) for Certain Valuaa of I; and f. 

J ^• 



^ 


V 


0° 


10° 


15° 


30* 


45° 


60° 




7S« 


80° 


90° 


1° 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


2° 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


3° 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


4<' 


0.0698 


0.0698 


0.0698 


0.0698 


0.0698 


0.0699 


0.0699 


0.0699 


0.0699 


5° 


0.0873 


0.0873 


0.0873 


0.0873 


0.0873 


0.0874 


0.0874 


0.0874 


0.0874 


10° 


0.1745 


0.1746 


0.1746 


0.1748 


0.1750 


0.1752 


0.1754 


0.1754 


0.1754 


15° 


0.2618 


0.2619 


0.2620 


0.2625 


0.2633 


0.2641 


0.2646 


0.2647 


0.2648 


20° 


0J491 


0.3493 


03495 


0.3506 


0J526 


03545 


03559 


03562 


0.3564 


25° 


0.4363 


0.4367 


0.4372 


0.4397 


0.4433 


0.4470 


0.4498 


0.4504 


0.4509 


30° 


0.5236 


0.5243 


0.5251 


0.5294 


0.5356 


0.5422 


0.5474 


0.5484 


0.5493 


1%'' 


0.6109 


0.6119 


0.6132 


0.6200 


0.6300 


0.6408 


0.6495 


0.6513 


0.6528 


40° 


0.6981 


0.6997 


0.7016 


0.7116 


0.7267 


0.7436 


0.7574 


0.7604 


0.7629 


45° 


0.7854 


0.7876 


0.7902 


0.8044 


0.8260 


0.8512 


0.8727 


0.8774 


0.8814 


50° 


0.8727 


0.8756 


0.8792 


0.8982 


0.9283 


0.9646 


0.9971 


1.0044 


1.0107 


55° 


0.9599 


0.9637 


0.9683 


0.9933 


1.0337 


1.0848 


1.1331 


1.1444 


1.1542 


60° 


1.0472 


1.0519 


1.0577 


1.0896 


1.1424 


1.2125 


1.2837 


1.3014 


13170 


65° 


1.1345 


1.1402 


1.1474 


1.1869 


1.2545 


13489 


1.4532 


1.4810 


1.5064 


70° 


1.2217 


1.2286 


1.2373 


1.2853 


1.3697 


1.4944 


1.6468 


1.6918 


1.7354 


75° 


1.3090 


1.3171 


1.3273 


1.3846 


1.4879 


1.6492 


1.8714 


1.9468 


2.0276 


80° 


1.3963 


1.4056 


1.4175 


1.4846 


1.6085 


1.8125 


2.1339 


2.2653 


2.4362 


85° 


1.4835 


1.4942 


1.5078 


1.5850 


1.7308 


1.9826 


2.4366 


2.6694 


3.1313 


86° 


1.5010 


1.5120 


1.5259 


1.6052 


1.7554 


2.0172 


2.5013 


2.7612 


33547 


87° 


1.5184 


1.5297 


1.5439 


1.6253 


1.7801 


2.0519 


2.5670 


2.8561 


3.6425 


88° 


1.5359 


1.5474 


1.5620 


1.6454 


1.8047 


2.0867 


2.6336 


2.9537 


4.0481 


89° 


1.5533 


1.5651 


1.5S01 


1.6656 


1.8294 


2.1216 


2.7007 


3.0530 


4.7414 


90° 


1.5708 


1.5828 


1.5981 


1.6858 


1.8541 


2.1565 


2.7681 


3.1534 


Inf. 
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Values of E{k, (f>) for Certain Values of k and </>, 
B(k, 0) = r Vl^ k^mx)?z - dz. 



* 


* 


0° 


10° 


15° 


30° 


45 


60° 


75° 


80° 


90° 


1° 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


0.0174 


2<> 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


0.0349 


3*^ 


0.0524 


0.0524 


0.0524 


0.0524 


0.0524 


0.0523 


0.0523 


0.0523 


0.0523 


4° 


0.0698 


0.0698 


0.0698 


0.0698 


0.0698 


0.0698 


0.0698 


0.0698 


0.0698 


S*' 


0.0873 


0.0873 


0.0873 


0.0872 


0.0872 


0.0872 


0.0872 


0.0872 


0.0872 


10*» 


0.1745 


0.1745 


0.1745 


0.1743 


0.1741 


0.1739 


0.1737 


0.1737 


0.1736 


15° 


0.2618 


0.2617 


0.2616 


0.2611 


0.2603 


0.2596 


O.25W' 


0.2589 


0.2588 


20° 


0.3491 


0.3489 


0.3486 


0.3473 


0.3456 


0.3438 


0.3425 


0.3422 


0.3420 


25° 


0.4363 


0.4359 


0.4354 


0.4330 


0.4296 


0.4261 


0.4236 


0.4230 


0.4226 


30^ 


0.5236 


0.5229 


0.5221 


0.5179 


0.5120 


0.5061 


0.5016 


0.5007 


0.5000 


35° 


0.6109 


0.6b98 


0.6085 


0.6019 


0.5928 


0.5833 


0.5762 


0.5748 


0.5736 


40° 


0.6981 


0.6966 


0.6947 


0.6851 


0.6715 


0.6575 


0.6468 


0.6446 


0.642& 


45° 


0.7854 


0.7832 


0.7806 


0.7672 


0.7482 


0.7282 


0.7129 


0.7097 


0.7071 


50° 


0.8727 


0.8698 


0.8663 


0.8483 


0.8226 


0.7954 


0.7741 


0.7697 


0.7660 


55° 


0.9599 


0.9562 


0.9517 


0.9284 


0.8949 


0.8588 


0.8302 


0.8242 


0.8192 


60° 


1.0472 


1.0426 


1.0368 


1.0076 


0.9650 


0.9184 


0.8808 


0.8728 


0.8660 


65° 


1.1345 


1.1288 


1.1218 


1.0858 


1.0329 


0.9743 


0.9258 


0.9152 


0.9063 


70** 


1.2217 


1.2149 


1.2065 


1.1632 


1.0990 


1.0266 


0.9652 


0.9514 


0.9397 


75° 


1.3090 


1.3010 


1.2911 


1.2399 


1.1635 


1.0759 


0.9992 


0.9814 


0.9659 


80° 


1.3963 


1,3870 


1.3755 


1.3161 


1.2266 


1.1225 


1.028^ 


1.0054 


0.9848 


85° 


1.4835 


1.4729 


1.4598 


1.3919 


1.2889 


1.1673 


1.0534 


1.0244 


0.9962 


86° 


1.5010 


1.4901 


1.4767 


1.4070 


1.3012 


1.1761 


1.0581 


1.0277 


0.9976 


87° 


1.5184 


1.5073 


1.4936 


1.4221 


1.3136 


1.1848 


1.0628 


1.0309 


0.9986 


88° 


1.5359 


1.5245 


15104 


1.4372 


1.3260 


1.1936 


1.0674 


1.0340 


0.9994 


89° 


1.5533 


1.5417 


1.5273 


1.4524 


1.3383 


1.2023 


1.0719 


1.0371 


0.9998 


90° 


1.S708 

L- . 


1.5589 


1.5442 


1.4675 


1.3506 


1.2111 


1.0764 


1.0401 


1.0000 
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TABLES. 







Hyperbolic Functions. 






1 

X 


e^ 


er-^ 


sinha; 


coshx 


gdx 


0.00 


1.0000 


1.0000 


0.0000 


1.0000 


0?0000 


.01 


1.0100 


0.9900 


.0100 


1.0000 


0.5729 


.02 


1.0202 


.9802 


.0200 


1.0002 


1.1458 


.03 


1.0305 


.9704 


.0300 


1.0004 


1.7186 


.04 


1.0408 


.9608 


.0400 


1.0008 


2.2912 


.05 


1.0513 


.9512 


.0500 


1.0013 


2.8636 


.06 


1.0618 


.9418 


.0600 


1.0018 


3.4357 


.07 


1.0725 


.9324 


.0701 


1.0025 


4.0074 


.08 


1.0833 


.9231 


.0801 


1.0032 


4.5788 


.09 


1.0942 


.9139 


.0901 


1.0041 


5.1497 


.10 


1.1052 


.9048 


.1002 


1.0050 


5.720 


.11 


1.1163 


.8958 


.1102 


1.0061 


6.290 


.12 


1.1275 


.8869 


.1203 


1.0072 


6.859 


.13 


1.1388 


.8781 


.1304 


1.0085 


7.428 


.14 


1.1503 


.8694 


.1405 


1.0098 


7.995 


.15 


1.1618 


.8607 


.1506 


1.0113 


8.562 


.16 


1.1735 


.8521 


.1607 


1.0128 


9.128 


.17 


1.1853 


.8437 


.1708 


1.0145 


9.694 


.18 


1.1972 


.8353 


.1810 


1.0162 


10.258 


.19 


1.2092 


.8270 


.1911 


1.0181 


10.821 


.20 


1.2214 


.8187 


.2013 


1.0201 


11.384 


.21 


1.2337 


.8106 


.2115 


1.0221 


11.945 


.22 


1.2461 


.8025 


.2218 


1.0243 


12.505 


.23 


1.2586 


.7945 


.2320 


1.0266 


13.063 


.24 


1.2712 


.7866 


.2423 


1.0289 


13.621 


.25 


1.2840 


.7788 


.2526 


1.0314 


14.177 


.26 


1.2969 


.7711 


.2629 


1.0340 


14.732 


.27 


1.3100 


.7634 


.2733 


1.0367 


15.285 


.28 


1.3231 


.7558 


.2837 


1.0395 


15.837 


.29 


1.3364 


.7483 


.2941 


1.0423 


16.388 


.30 


1.3499 


.7408 


.3045 


1.0453 


16.937 


.31 


1.3634 


.7334 


.3150 


1.0484 


17.484 


.32 


1.3771 


.7261 


.3255 


1.0516 


18.030 


.33 


1.3910 


.7189 


.3360 


1.0549 


18.573 


.34 


1.4049 


.7118 


.3466 


1.0584 


19.116 


.35 


1.4191 


.7047 


.3572 


1.0619 


19.656 


.36 


1.4333 


.6977 


.3678 


1.0655 


20.195 


.37 


1.4477 


.6907 


.3785 


1.0692 


20.732 


.38 


1.4623 


.6839 


.3892 


1.0731 


21.267 


.39 


1.4770 


.6771 


.4000 


1.0770 


21.800 


.40 


1.4918 


.6703 


.4108 


1.0811 


22.331 


.41 


1.5068 


.6636 


.4216 


1.0852 


22.859 


.42 


1.5220 


.6570 


.4325 


1.0895 


23.386 


.43 


1.5373 


.6505 


.4434 


1.0939 


23.911 


.44 


1.5527 


.6440 


.4543 


1.0984 


24.434 


.45 


1.5683 


.6376 


.4653 


1.1030 


24.955 


.46 


1.5841 


.6313 


.4764 


1.1077 


25.473 


.47 


1.6000 


.6250 


.4875 


1.1125 


25.9891 


.48 


1.6161 


.6188 


.4986 


1.1174 


26.503 


.49 


1.6323 


.6126 


.5098 


1.1225 


27.015 


0.50 

L 


1.6487 


0.6065 


0.5211 


1.1276 


27?524 



Note. —This table is taken from Prof. Byerly*8 Treatise on Fourier's Series, published by Messrs. 
Ginn & Co. 
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Hyperbolic Functions. 



X 


gX 


^x 


sinhx 


coshx 


gdx 


0.50 


1.6487 


0.6065 


0.5211 


1.1276 


27?524 


.51 


1.6653 


.6005 


.5324 


1.1329 


28.031 


.52 


1.6820 


.5945 


.5438 


1.1383 


28.535 


.53 


1.6989 


.5886 


.5552 


1.1438 


29.037 


.54 


1.7160 


.5827 


.5666 


1.1494 


29.537 


.55 


1.7333 


.5770 


.5782 


1.1551 


30.034 


.56 


1.7507 


.5712 


.5897 


1.1609 


30.529 


.57 


1.7683 


.5655 


.6014 


1.1669 


31.021 


.58 


1.7860 


.5599 


.6131 


1.1730 


31.511 


.59 


1.8040 


.5543 


.6248 


1.1792 


31.998 


.60 


1.8221 


.5488 


.6367 


1.1855 


32.483 


.61 


1.8404 


.5433 


.6485 


1.1919 


32.%5 


.62 


1.8589 


.5379 


.6605 


1.1984 


33.444 


.63 


1.8776 


.5326 


.6725 


1.2051 


33.921 


.64 


1.8965 


.5273 


.6846 


1.2119 


34.395 


.65 


1.9155 


.5220 


.6967 


1.2188 


34.867 


.66 


1.9348 


.5169 


.7090 


1.2258 


35.336 


.67 


1.9542 


.5117 


.7213 


1.2330 


35.802 


.68 


1.9739 


.5066 


.7336 


1.2402 


36.265 


.69 


1.9937 


.5016 


.7461 


1.2476 


36.726 


.70 


2.0138 


.4966 


.7586 


1.2552 


37.183 


.71 


2.0340 


.4916 


.7712 


1.2628 


37.638 


.72 


2.0544 


.4867 


.7838 


1.2706 


38.091 


.73 


2.0751 


.4819 


.7966 


1.2785 


38.540 


.74 


2.0959 


.4771 


.8094 


1.2865 


38.987 


.75 


2.1170 


.4724 


.8223 


1.2947 


39.431 


.76 


2.1383 


.4677 


.8353 


1.3030 


39.872 


.77 


2.i598 
2.1815 


.4630 


.8484 


1.3114 


40.310 


.78 


.4584 


.8615 


1.3199 


40.746 


.79 


2.2034 


.4538 


.8748 


1.3286 


41.179 


.80 


2.2255 


.4493 


.8881 


1.3374 


41.608 


.81 


2.2479 


.4449 


.9015 


1.3464 


42.035 


.82 


2.2705 


.4404 


.9150 


1.3555 


42.460 


.83 


2.2933 


.4360 


.9286 


1.3647 


42.881 


.84 


2.3164 


.4317 


.9423 


1.3740 


43.299 


.85 


2.3396 


.4274 


.9561 


1.3835 


43.715 


.86 


2.3632 


.4232 


.9700 


1.3932 


44.128 


.87 


2.3869 


.4190 


.9840 


1.4029 


44.537 


.88 


2.4109 


.4148 


.9981 


1.4128 


44.944 


.89 


2.4351 


.4107 


1.0122 


1.4229 


45.348 


.90 


2.4596 


.4066 


1.0265 


1.4331 


45.750 


.91 


2.4843 


.4025 


1.0409 


1.4434 


46.148 


.92 


2.5093 


.3985 


1.0554 


1.4539 


46.544 


.93 


2.5345 


.3946 


1.0700 


1.4645 


46.936 


.94 


2.5600 


.3906 


1.0847 


1.4753 


47.326 


.95 


2.5857 


.3867 


1.0995 


1.4862 


47.713 


.96 


2.6117 


.3829 


1.1144 


1.4973 


48.097 


.97 


2.6379 


.3791 


1.1294 


1.5085 


48.478 


.98 


2.6645 


.3753 


1.1446 


1.5199 


48.857 


.99 


2.6912 


.3716 


1.1598 


1.5314 


49.232 


1.00 


2.7183 


0.3679 


1.1752 


1.5431 


49!605 
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TABLBS. 



Hyperbolic Functions. 



X 


Zsinhx 


Zcoshx 


X 


Zsinhx 


Zcoshx 


X 


I sinh X 


Zcoshx 


1.00 


0.0701 


0.1884 


1.50 


0.3282 


0.3715 


2.00 


0.5595 


0.5754 


1.01 


.0758 


.1917 


1.51 


.3330 


.3754 


2.01 


.5640 


.5796 


1.02 


.0815 


.1950 


1.52 


.3378 


.3794 


2.02 


.5685 


.5838 


1.03 


.0871 


.1984 


1.53 


.3426 


.3833 


2.03 


.5730 


.5880 


1.04 


.0927 


.2018 


1.54 


.3474 


.3873 


2.04 


.5775 


.5922 


1.05 


.0982 


.2051 


1.55 


.3521 


.3913 


2.05 


.5820 


.5964 


1.06 


.1038 


.2086 


1.56 


.3569 


.3952 


2.06 


.5865 


.6006 


1.07 


.1093 


.2120 


1.57 


.3616 


.3992 


2.07 


.5910 


.6048 


1.08 


.1148 


.2154 


1.58 


.3663 


.4032 


2.08 


.5955 


.6090 


1.09 


.1203 


.2189 


1.59 


.3711 


.4072 


2.09 


.6000 


.6132 


1.10 


.1257 


.2223 


1.60 


.3758 


.4112 


2.10 


.6044 


.6175 


1.11 


.1311 


.2258 


1.61 


.3805 


.4152 


2.11 


.6089 


.6217 


1.12 


.1365 


.2293 


1.62 


.3852 


.4192 


2.12 


.6134 


.6259 


1.13 


.1419 


.2328 


1.63 


.3899 


.4232 


2.13 


.6178 


.6301 


1.14 


.1472 


.2364 


1.64 


.3946 


.4273 


2.14 


.6223 


.6343 


1.15 


.1525 


.2399 


1.65 


.3992 


.4313 


2.15 


.6268 


.6386 


1.16 


.1578 


.2435 


1.66 


.4039 


.4353 


2.16 


.6312 


.6428 


1.17 


.1631 


.2470 


1.67 


.4086 


.4394 


2.17 


.6357 


.6470 


1.18 


.1684 


.2506 


1.68 


.4132 


.4434 


2.18 


.6401 


.6512 


1.19 


.1736 


.2542 


1.69 


.4179 


.4475 


2.19 


.6446 


.6555 


1.20 


.1788 


.2578 


1.70 


.4225 


.4515 


2.20 


.6491 


.6597 


1.21 


.1840 


.2615 


1.71 


.4272 


.4556 


2.21 


.6535 


.6640 


1.22 


.1892 


.2651 


1.72 


.4318 


.4597 


2.22 


.6580 


.6682 


1.23 


.1944 


.2688 


1.73 


.4364 


.4637 


2.23 


.6624 


.6724 


1.24 


.1995 


.2724 


1.74 


.4411 


.4678 


2.24 


.6668 


.6767 


1.25 


.2046 


.2761 


1.75 


.4457 


.4719 


2.25 


.6713 


.6809 


1.26 


.2098 


.2798 


1.76 


.4503 


.4760 


2.26 


.6757 


.6852 


1.27 


.2148 


.2835 


1.77 


.4549 


.4801 


2.27 


.6802 


.6894 


1.28 


.2199 


.2872 


1.78 


.4595 


.4842 


2.28 


.6846 


.6937 


1.29 


.2250 


.2909 


1.79 


.4641 


.4883 


2.29 


.6890 


.6979 


1.30 


.2300 


.2947 


1.80 


.4687 


.4924 


2.30 


.6935 


.7022 


1.31 


.2351 


.2984 


1.81 


.4733 


.4965 


2.31 


.6979 


.7064 


1.32 


.2401 


.3022 


1.82 


.4778 


.5006 


2.32 


.7023 


.7107 


1.33 


.2451 


.3059 


1.83 


.4824 


.5048 


2.33 


.7067 


.7150 


1.34 


.2501 


.3097 


1.84 


.4870 


.5089 


2.34 


.7112 


.7192 


1.35 


.2551 


.3135 


1.85 


.4915 


.5130 


2.35 


.7156 


.7235 


1.36 


.2600 


.3173 


1.86 


.4961 


.5172 


2.36 


.7200 


.7278 


1.37 


.2650 


.3211 


1.87 


.5007 


.5213 


2.37 


.7244 


.7320 


1.38 


.2699 


.3249 


1.88 


.5052 


.5254 


2.38 


.7289 


.7363 


1.39 


.2748 


.3288 


1.89 


.5098 


.5296 


2.38 


.7333 


.7406 


1.40 


.2797 


.3326 


1.90 


.5143 


.5337 


2.40 


.7377 


.7448 


1.41 


.2846 


.3365 


1.91 


.5188 


.5379 


2.41 


.7421 


.7491 


1.42 


.2895 


.3403 


1.92 


.5234 


.5421 


2.42 


.7465 


.7534 


1.43 


.2944 


.3442 


1.93 


.5279 


.5462 


2.43 


.7509 


.7577 


1.44 


.2993 


.3481 


1.94 


.5324 


.5504 


2.44 


.7553 


.7619 


1.45 


.3041 


.3520 


1.95 


.5370 


.5545 


2.45 


.7597 


.7662 


1.46 


.3090 


.3559 


1.96 


.5415 


.5687 


2.46 


.7642 


.7705 


1.47 


.3138 


.3598 


1.97 


.5460 


.5629 


2.47 


.7686 


.7748 


1.48 


.3186 


.3637 


1.98 


.5505 


.5671 


2.48 


.7730 


.7791 


1.49 


.3234 


.3676 


1.99 


.5550 


.5713 


2.49 


.7774 


.7833 


1.50 


0.3282 


0.3715 


2.00 


0.5595 


0.5754 


2.50 


0.7818 


0.7876 

1 



TABLES. 
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Hyperbolic Functions. 



X 


I sinh z 


I cosh X 


X 


I sinh X 


I cosh X 


X 


Z sinh a; 


I cosh X 


2.50 


0.7818 


0.7876 


2.1 S 


0.8915 


0.8951 


3.0 


1.0008 


1.0029 


2.51 


.7862 


.7919 


2.76 


.8959 


.8994 


3.1 


1.0444 


1.0462 


2.52 


.7906 


.7%2 


2.77 


.9003 


.9037 


3.2 


1.0880 


1.0894 


2.53 


.7950 


.8005 


2.78 


.9046 


.9080 


3.3 


1.1316 


1.1327 


2.54 


.7994 


.8048 


2.79 


.9090 


.9123 


3.4 


1.1751 


1.1761 


2.55 


.8038 


.8091 


2.80 


.9134 


.9166 


3.5 


1.2186 


1.2194 


2.56 


.8082 


.8134 


2.81 


.9178 


.9209 


3.6 


1.2621 


1.2628 


2.57 


.8126 


.8176 


2.82 


.9221 


.9252 


3.7 


1.3056 


1.3061 


2.58 


.8169 


.8219 


2.83 


.9265 


.9295 


3.8 


1.3491 


1.3495 


2.59 


.8213 


.8262 


2.84 


.9309 


.9338 


3.9 


1.3925 


1.3929 


2.60 


.8257 


.8305 


2.85 


.9353 


.9382 


4.0 


1.4360 


1.4363 


2.61 


.8301 


.8348 


2.86 


.9396 


.9425 


4.1 


1.4795 


1.4797 


2.62 


.8345 


.8391 


2.87 


.9440 


.9468 


4.2 


1.5229 


1.5231 


2.63 


.8389 


.8434 


2.88 


.9484 


.9511 


4.3 


1.5664 


1.5665 


2.64 


.8433 


.8477 


2.89 


.9527 


.9554 


4.4 


1.6098 


1.6099 


2.65 


.8477 


.8520 


290 


.9571 


.9597 


4.5 


1.6532 


1.6533 


2.66 


.8521 


.8563 


2.91 


.9615 


.9641 


4.6 


1.6967 


1.6968 


2.67 


.8564 


.8606 


2.92 


.9658 


.9684 


4.7 


1.7401 


1.7402 


2.68 


.8608 


.8649 


2.93 


.9702 


.9727 


4.8 


1.7836 


1.7836 


2.69 


.8652 


.8692 


2.94 


.9746 


.9770 


4.9 


1.8270 


1.8270 


2.70 


.8696 


.8735 


2.95 


.9789 


.9813 


5.0 


1.8704 


1.8705 


2.71 


.8740 


.8778 


2.96 


.9833 


.9856 


6.0 


2.3047 


2.3047 


i 2.72 


.8784 


.8821 


2.97 


.9877 


.9900 


7.0 


2.7390 


2.7390 


2.73 


.8827 


.8864 


2.98 


.9920 


.9943 


8.0 


3.1733 


3.1733 


2.74 


.8871 


.8907 


2.99 


.9964 


.9986 


9.0 


3.6076 


3.6076 


2.75 


0.8915 


0.8951 


3.00 


l.OOOS 


1.0029 


10.0 


4.0419 


4.0419 



For values of x greater than 7.0, we may write, to five places of deci- 
mals at least, 

logio sinh X = logio cosh a; = log J e* = a; (0.4342946) + 1.6980700. 



Tlie Values of e-* for Certain Values of x. 



X 


e-* 


X 


f—X 


X 


e-* 


X 


g— a; 


1/10 


0.90484 


8/10 


0.44933 


18/10 


0.16530 


5 


0.00674 


1/8 


0.88250 


9/10 


0.40657 


2 


0.13534 


11/2 


0.00409 


1/6 


0.84648 


1 


0.36788 


9/4 


0.10540 


6 


0.00248 


2/10 


0.81873 


11/10 


0.33287 


5/2 


0.08209 


13/2 


0.00150 


1/4 


0.77880 


9/8 


0.32465 


8/3 


0.06948 


7 


0.00091 


3/10 


0.74082 


12/10 


0.30119 


3 


0.04979 


15/2 


0.00055 


1/3 


0.71653 


5/4 


0.28650 


25/8 


0.04394 


8 


0.00034 


4/10 


0.67032 


13/10 


0.27253 


16/5 


0.04076 


9 


0.00012 


5/10 


0.60653 


4/3 


0.26360 


18/5 


0.02732 


10 


0.00004 


6/10 


0.54881 


14/10 


0.24660 


4 


0.01832 


11 


0.00002 


2/3 


0.51342- 


3/2 - 


a22313 


25/6 


0.01550 


'- 12 - 


0.00001 


7/10 


0.49659 


16/10 


. 0.20190 


9/2 


0.01111 


13 


0.00000 
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TABLES. 



The Common Logarithms of eF and er^. 





X 


logioe* 


logioe-* 




0.00001 


0.0000043429 


1.9999956571 




0.00002 


0.0000086859 


1.9999913141 




0.00003 


0.0000130288 


1.9999869712 




0.00004 


0.0000173718 


1.9999826282 




0.00005 


0.0000217147 


1.9999782853 




0.00006 


0.0000260577 


1.9999739423 




0.00007 


0.0000304006 


1.9999695994 




0.00008 


0.0000347436 


1.999%52564 




0.00009 


0.0000390865 


1.999%09135 




0.00010 


0.0000434294 


1.9999565706 




0.00020 


0.0000868589 


1.9999131411 




0.00030 


0.0001302883 


1.9998697117 




0.00040 


0.0001737178 


1.9998262822 




0.00050 


0.0002171472 


1.9997828528 




0.00060 


0.0002605767 


1.9997394233 




0.00070 


0.0003040061 


T.99%959939 




o:ooo8o 


0.0003474356 


1.9996525644 




0.00090 


0.0003908650 


1.9996091350 




0.00100 


0.0004342945 


1.9995657055 




0.00200 


0.0008685890 


1.9991314110 




0.00300 


0.0013028834 


1.9986971166 




0.00400 


0.0017371779 


1.9982628221 




0.00500 


0.0021714724 


1.9978285276 




0.00600 


0.0026057669 


1.9973942331 




0.00700 


0.0030400614 


1.9%9599386 




0.00800 


0.0034743559 


1.9965256441 




0.00900 


0.0039086503 


1.9960913497 




0.01000 


0.0043429448 


1.9956570552 




0.02000 


0.0086858896 


1.9913141104 




0.03000 


0.0130288345 


1.9869711655 




0.04000 


0.0173717793 


1.9826282207 




0.05000 


0.0217147241 


1.9782852759 




0.06000 


0.0260576689 


1.9739423311 




0.07000 


0.0304006137 


1.9695993863 



TABLES. 
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X 


logio e^ 


logioc-* 






0.08000 


0.0347435586 


1.9652564414 






0.09000 


0.0390865034 


1.9609134966 






0.10000 


0.0434294482 


1.9565705518 






0.20000 


0.0868588964 


1.9131411036 






0.30000 


0.1302883446 


1.8697116554 






0.40000 


0.1737177928 


1.8262822072 ' 






0.50000 


0.2171472410 


1.7828527590 






0.60000 


0.2605766891 


1.7394233109 






0.70000 


0.3040061373 


1.6959938627 






0.80000 


0.3474355855 


1.6525644145 






0.90000 


0.3908650337 


1.6091349663 






1.00000 


0.4342944819 


1.5657055181 






2.00000 


0.868588%38 


1.1314110362 






3.00000 


1.3028834457 


2.6971165543 






4.00000 


1.7371779276 


2.2628220724 






5.00000 


2.1714724095 


3.8285275905 






6.00000 


2.6057668914 


3.3942331086 






7.00000 


3.0400613733 


4.9599386267 






8.00000 


3.4743558552 


4.5256441448 






9.00000 


3.9086503371 


4.0913496629 






10.00000 


4.3429448190 


5.6570551810 






20.00000 


8.6858896381 


9.3141103619 






30.00000 


13.0288344571 


14.9711655429 






40.00000 


17.3717792761 


18.6282207239 






50.00000 


21.7147240952 


22.2852759048 






60.00000 


26.0576689142 


27.9423310858 






70.00000 


30.4006137332 


31.5993862668 






80.00000 


34.7435585523 


35.2564414477 






90.00000 


39.0865033713 


40.9134966287 






100.00000 


43.4294481903 


44.5705518097 






200.00000 


86.8588963807 


87.1411036193 






300.00000 


130.2883445710 


131.7116554290 






400.00000 


173.7177927613 


174.2822072387 






500.00000 


217.1472409516 


218.8527590484 





Note : log c* + y = log c* + log &i. Thus, log t^y^-^^^ = 49.139465 180. 
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TABLES. 



Natural Logarithms. 



No. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 


1.00 


0.00000 


0100 


0200 


0300 


0399 


0499 


0598 


0698 


0797 


0896 


100-G9 


1.01 


0.00995 


1094 


1193 


1292 


1390 


1489 


1587 


1686 


1784 


1882 


99-98 


1.02 


0.0 1980 


2078 


2176 


2274 


2372 


2469 


2567 


2664 


2762 


2859 


98-97 


1.03 


0.0 2956 


3053 


3150 


3247 


3343 


3440 


3537 


3633 


3730 


3826 


97-96 


1.04 


0.0 3922 


4018 


4114 


4210 


4306 


4402 


4497 


4593 


4688 


4784 


96-95 


1.0S> 


0.04879 


4974 


5069 


5164 


5259 


5354 


5449^ 


5543 


5638 


5733 


95-94 


1.06 


0.0 5827 


5921 


6015 


6110 


6204 


6297 


6391 


6485 


6579 


6672 


94 


1.07 


0.0 6766 


6859 


6953 


7046 


7139 


7232 


7325 


7418 


7511 


7603 


93 


1.08 


0.0 76% 


7789 


7881 


7973 


8066 


8158 


8250 


8342 


8434 


8526 


93-92 


1.09 


0.0 8618 


8709 


8801 


8893 


8984 


9075 


9167 


9258 


9349 


9430 


92-91 


1.10 


0.09531 


%22 


9713 


9803 


9894 


9985 *0075 


0165 


0256 


0346 


91-90 


1.11 


0.1 0436 


0526 


0616 


0706 


0796 


0885 


0975 


1065 


1154 


1244 


90-89 


1.12 


0.1 1333 


1422 


1511 


1600 


1689 


1778 


1867 


1956 


2045 


2133 


89 


1.13 


0.1 2222 


2310 


2399 


2487 


2575 


2663 


2751 


2839 


2927 


3015 


88 


1.14 


0.1 3103 


3191 


3278 


3366 


3453 


3540 


3628 


3715 


3802 


3889 


88-87 


1.15 


0.1 3976 


4063 


4150 


4237 


4323 


4410 


4497 


4583 


4669 


4756 


87-86 


1.16 


0.1 4842 


4928 


5014 


5100 


5186 


5272 


5358 


5444 


5529 


5615 


86 


1.17 


0.1 5700 


5786 


5871 


5956 


60+2 


6127 


6212 


6297 


6382 


6467 


85 


1.18 


0.1 6551 


6636 


6721 


6805 


6890 


6974 


7059 


7143 


7227 


7311 


85-84 


1.19 


0.1 7395 


7479 


7563 


7647 


7731 


7815 


7898 


7982 


8065 


8149 


84-83 


1.20 


0.1 8232 


8315 


8399 


8482 


8565 


8648 


8731 


8814 


8897 


9979 


83 


1.21 


0.19062 


9145 


9227 


9310 


9392 


9474 


9557 


9639 


9721 


9803 


83-82 


1.22 


0.1 9885 


9967 *0049 


0131 


0212 


0294 


0376 


0457 


0539 


0620 


82-81 


1.23 


0.2 0701 


0783 


0864 


0945 


1026 


1107 


1188 


1269 


1350 


1430 


81 


1.24 


0.2 1511 


1592 


1672 


1753 


1833 


1914 


1994 


2074 


2154 


2234 


81-80 


1.25 


0.2 2314 


2394 


2474 


2554 


2634 


2714 


2793 


2873 


2952 


3032 


80-79 


1.26 


0.2 3111 


3191 


3270 


3349 


3428 


3507 


3586 


3665 


3744 


3823 


79 


1.27 


0.2 3902 


3980 


4059 


4138 


4216 


4295 


4373 


4451 


4530 


4608 


79-78 


1.28 


0.2 4686 


4764 


4842 


4920 


4998 


5076 


5154 


5231 


5309 


5387 


78 


1.29 


0.2 5464 


5542 


5619 


5697 


5774 


5811 


5928 


6005 


6082 


6159 


77 


1.30 


0.2 6236 


6313 


6390 


6467 


6544 


6620 


6697 


6773 


6850 


6926 


77-76 


1.31 


0.2 7003 


7079 


7155 


7231 


7308 


7384 


7460 


7536 


7612 


7687 


76 


1.32 


0.2 7763 


7839 


7915 


7990 


8066 


8141 


8217 


8292 


8367 


8443 


76-75 


1.33 


0.2 8518 


8593 


8668 


8743 


8818 


8893 


8968 


9043 


9118 


9192 


75 


1.34 


0.2 9267 


9342 


9416 


9491 


9565 


%39 


9714 


9788 


9862 


9936 


75-74 


1.35 


0.3 0010 


0085 


0158 


0232 


0306 


0380 


0454 


0528 


0601 


0675 


74 


1.36 


0.3 0748 


0822 


0895 


0969 


1042 


1115 


1189 


1262 


1335 


1408 


74-73 


1.37 


0.3 1481 


1554 


1627 


1700 


1773 


1845 


1918 


1991 


2063 


2136 


73-72 


1.38 


0.3 2208 


2281 


2353 


2426 


2498 


2570 


2642 


2714 


2786 


2858 


72 


1.39 


0.3 2930 


3002 


3074 


3146 


3218 


3289 


3361 


3433 


3504 


3576 


72-71 


1.40 


0.3 3647 


3719 


3790 


3861 


3933 


4004 


4075 


4146 


4217 


4288 


71 


1.41 


0.3 4359 


4430 


4501 


4572 


4642 


4713 


4784 


4854 


4925 


4995 


71-70 


1.42 


0.3 5066 


5136 


5206 


5277 


5347 


5417 


5487 


5557 


5677 


5697 


70 


1.43 


0.3 5767 


5837 


5907 


5977 


6047 


6116 


6186 


6256 


6335 


6395 


70-69 


1.44 


0.3 6464 


6534 


6603 


6672 


6742 


6811 


6880 


6949 


7018 


7087 


69 


1.45 


0.3 7156 


7225 


7294 


7363 


7432 


7501 


7569 


7638 


7707 


7775 


69 


1.46 


0.3 7844 


7912 


7981 


8049 


8117 


8186 


8254 


8322 


8390 


8458 


68 • 


1.47 


0.3 8526 


8594 


8662 


8730 


8798 


8866 


8934 


9001 


9069 


9137 


68 


1.48 


0.3 9204 


9272 


9339 


9407 


9474 


9541 


9609 


9676 


9743 


9810 


68-67 


1.49 


0.3 9878 


9945 *0012 


0079 


0146 


0213 


0279 


0346 


0413 


0480 


67 


1.60 


0.4 0547 


0613 


0680 


0746 


0813 


0879 


0946 


1012 


1078 


1145 


67-66 
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TABLES. 



123 



Natural Logarithms. 



No. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 


1.50 


0.4 0547 


0613 


0680 


0746 


0813 


0879 


0946 


1012 


1078 


1145 


67-«6 


1.51 


0.41211 


1277 


1343 


1409 


1476 


'1542 


1608 


1673 


1739 


1805 


66 


1.52 


0.4 1871 


1937 


2003 


2068 


2134 


2199 


2265 


2331 


2396 


2461 


66-65 


1.53 


0.4 2527 


2592 


2657 


2723 


2788 


2853 


2918 


2983 


3048 


3113 


85 


1.54 


0.4 3178 


3243 


3308 


3373 


3438 


3502 


3567 


3632 


3696 


3761 


65-64 


1.55 


0.4 3825 


3890 


3954 


4019 


4083 


4148 


4212 


4276 


4340 


4404 


64 


1.56 


0.4 4469 


4533 


4597 


4661 


4725 


4789 


4852 


4916 


4980 


5044 


64 


1.57 


0.4 5108 


5171 


5235 


5298 


5362 


5426 


5489 


5552 


5616 


5679 


64-63 


1.58 


0.4 5742 


5806 


5869 


5932 


5995 


6058 


6122 


6185 


6248 


6310 


63 


1.59 


0.4 6373 


6436 


6499 


6562 


6625 


6687 


6750 


6813 


6875 


6938 


63 


1.60 


0.4 7000 


7063 


7125 


7188 


7250 


7312 


7375 


7437 


7499 


7561 


69 


1.61 


0.4 7623 


7686 


7748 


7810 


7872 


7933 


7995 


8057 


8119 


8181 


6Q 


1.62 


0.4 8243 


8304 


8366 


8428 


8489 


8551 


8612 


8674 


8735 


8797 


62-61 


1.63 


0.4 8858 


8919 


8981 


9042 


9103 


9164 


9225 


9287 


9348 


9409 


61 


1.64 


0.4 9470 


9531 


9592 


%52 


9713 


9774 


9835 


9896 


9956 *0017 


61 


1.65 


0.5 0078 


0138 


0199 


0259 


0320 


0380 


0441 


0501 


0561 


0622 


61-60 


1.66 


; 0.5 0682 


0742 


0802 


0862 


0922 


0983 


1013 


1103 


1163 


1222 


60 


1.67 


0.5 1282 


1342 


1402 


1462 


1522 


1581 


1641 


1701 


1760 


1820 


60 


1.68 


0.5 1879 


1939 


1998 


2058 


2117 


2177 


2236 


2295 


2354 


2414 


60-59 


1.69 


0.5 2473 


2532 


2591 


2650 


2709 


2768 


2827 


2886 


2945 


3004 


59 


1.70 


0.5 3063 


3122 


3180 


3239 


3298 


3357 


3415 


3474 


3532 


3591 


59-58 


1.71 


0.5 3649 


3708 


3766 


3825 


3883 


3941 


4000 


4058 


4116 


4174 


58 


1.72 


0.5 4232 


4291 


4349 


4407 


4465 


4523 


4581 


4639 


46% 


4754 


58 


1.73 


0.5 4812 


4870 


4928 


4985 


5043 


5101 


5158 


5216 


5274 


5331 


58-57 


1.74 


0.5 5389 


5446 


5503 


5561 


5618 


5675 


5733 


5790 


5847 


5904 


57 


1.75 


0.5 5962 


6019 


6076 


6133 


6190 


6247 


6304 


6361 


6418 


6475 


57 


1.76 


0.5 6531 


6588 


6645 


6702 


6758 


6815 


6872 


6928 


6985 


7041 


57 


1.77 


0.5 7098 


7154 


7211 


7267 


7324 


7380 


7436 


7493 


7549 


7605 


56 


1.78 


0.5 7661 


7718 


7774 


7830 


7886 


7942 


7998 


8054 


8110 


8166 


56 


1.79 


0.5 8222 


8277 


8333 


8389 


8445 


8501 


8556 


8612 


8667 


8723 


56 


1.80 


0.5 8779 


8834 


8890- 


8945 


9001 


9056 


9111 


9167 


9222 


9277 


66-55 


1.81 


0.5 9333 


9388 


9443 


9498 


9553 


9609 


%64 


9719 


9774 


9829 


55 


1.82 


0.5 9884 


9939 


9993 *0048 


0103 


0158 


0213 


0268 


0322 


0377 


55 


1.83 


0.6 0432 


0486 


0541 


0595 


0650 


0704 


0759 


0813 


0868 


0922 


55-54 


1.84 


0.60977 


1031 


1085 


1139 


1194 


1248 


1302 


1356 


1410 


1464 


54 


1.85 


0.6 1519 


1573 


1627 


1681 


1735 


1788 


1842 


1896 


1950 


2004 


54 


1.86 


0.6 2058 


2111 


2165 


2219 


2272 


2326 


2380 


2433 


2487 


2540 


54-53 


1.87 


0.6 2594 


2647 


2701 


2754 


2808 


2861 


2914 


2%7 


3021 


3074 


53 


1.88 


0.63127 


3180 


3234 


3287 


3340 


3393 


3446 


3499 


3552 


3605 


53 


1.89 


0.6 3658 


3711 


3763 


3816 


3869 


3922 


3975 


4027 


4080 


4133 


53 


1.90 


0.6 4185 


4238 


4291 


4343 


4396 


4448 


4501 


4553 


4606 


4658 


53-52 


1.91 


0.64710 


4763 


4815 


4867 


4920 


4972 


5024 


5076 


5128 


5180 


52 


1.92. 


0.6 5233 


5285 


5337 


5389 


5441 


5493 


5545 


5596 


5648 


5700 


52 


1.93 


0.6 5752 


5804 


5856 


5907 


5959 


6011 


6062 


6114 


6166 


6217 


52 


1.94 


0.6 6269 


6320 


6372 


6423 


6475 


6526 


6578 


6629 


6680 


6732 


52-51 


1.95 


0.6 6783 


6834 


6885 


6937 


6988 


7039 


7090 


7141 


7192 


7243 


51 


1.96 


0.6 7294 


7345 


7396 


7447 


7498 


7549 


7600 


7651 


7702 


7753 


51 


1.97 


0.6 7803 


7854 


7905 


7956 


8006 


8057 


8107 


8158 


8209 


8259 


51 


1.98 


0.6 8310 


8360 


8411 


8461 


8512 


8562 


8612 


8663 


8713 


8763 


50 


1.99 


0.6 8813 


8864 


8914 


8964 


9014 


9064 


9115 


9165 


9215 


9265 


50 


8.00 


0.6 9315 


9365 


9415 


9465 


9515 


9564 


9614 


9664 


9714 


9764 


50 
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124 



TABLES. 



Natural Logarithms. 



i 



No. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 


2.00 


0.69315 


9365 


9415 


9465 


9515 


9564 


9614 


9664 


9714 


9764 


50 


2.01 


0.6 9813 


9863 


9913 


996.3 «0012 


0062 


0112 


0161 


0211 


0260 


50 


2.02 


0.7 0310 


0359 


0409 


0458 


0508 


0557 


0606 


0656 


0705 


0754 


49 


2.03 


0.7 0804 


0853 


0902 


0951 


1000 


1050 


1099 


1148 


1197 


1246 


49 


2.04 


0.7 1295 


1344 


1393 


1442 


1491 


1540 


1589 


1638 


1686 


1735 


49 


2.05 


0.7 1784 


1833 


1881 


1930 


1979 


2028 


2076 


2125 


2173 


2222 


49 


2.06 


0.7 2271 


2319 


2368 


2416 


2465 


2513 


2561 


2610 


2658 


2707 


49-48 


2.07 


0.7 2755 


2803 


2851 


2900 


2948 


2996 


3044 


3092 


3141 


3189 


48 


2.08 


0.7 3237 


3285 


3333 


3381 


3429 


3477 


3525 


3573 


3621 


3669 


48 


2.09 


0.7 3716 


3764 


3812 


3860 


3908 


3955 


4003 


4051 


4098 


4146 


48 


2.10 


0.7 4194 


4241 


4289 


4336 


4384 


4432 


4479 


4^27 


4574 


4621 


48-47 


2.11 


0.7 4669 


4716 


4764 


4811 


4858 


4905 


4953 


5000 


5047 


5094 


47 


2.12 


0.7 5142 


5189 


5236 


5283 


5330 


5377 


5424 


5471 


5518 


5565 


47 


2.13 


0.7 5612 


5659 


5706 


5753 


5800 


5847 


5893 


5940 


5987 


6034 


47 


2.14 


0.7 6081 


6127 


6174 


6221 


6267 


6314 


6361 


6407 


6454 


6500 


47 


2.15 


0.7 6547 


6593 


6640 


6686 


6733 


6779 


6825 


6872 


6918 


6965 


47-46 


2.16 


0.7 7011 


7057 


7103 


7150 


7196 


7242 


7288 


7334 


7381 


7427 


46 


2.17 


0.7 7473 


7519 


7565 


7611 


7657 


7703 


7749 


7795 


7841 


7887 


46 


2.18 


0.7 7932 


7978 


8024 


8070 


8116 


8162 


8207 


8253 


8299 


8344 


46 


2.19 


0.7 8390 


8436 


8481 


8527 


8573 


8618 


8664 


8709 


8755 


8800 


46-45 


2.20 


0.7 8846 


8891 


8937 


8982 


9027 


9073 


9118 


9163 


9209 


9254 


45 


2.21 


0.7 9299 


9344 


9390 


9435 


9480 


9525 


9570 


9615 


9661 


9706 


45 


2.22 


0.7 9751 


9796 


9841 


9886 


9931 


9976 *0021 


0066 


0110 


0155 


45 


2.23 


0.8 0200 


0245 


0290 


0335 


0379 


0424 


0469 


0514 


0558 


0603 


45 


2.24 


0.8 0648 


0692 


0737 


0781 


0826 


0871 


0915 


0960 


1004 


1049 


45-44 


2.25 


0.8 1093 


1137 


1182 


1226 


1271 


1315 


1359 


1404 


1448 


1492 


44 


2.26 


0.8 1536 


1581 


1625 


1669 


1713 


1757 


1802 


1846 


1890 


1934 


44 


2.27 


0.8 1978 


2022 


2066 


2110 


2154 


2198 


2242 


2286 


2330 


2374 


44 


2.28 


0.8 2418 


2461 


2505 


2549 


2593 


2637 


2680 


2724 


2768 


2812 


44 


2.29 


0.8 2855 


2899 


2942 


2986 


3030 


3073 


3117 


3160 


3204 


3247 


44-43 


2.S0 


0.8 3291 


3334 


3378 


3421 


3465 


3508 


3551 


3595 


3638 


3681 


43 


2.31 


0.8 3725 


3768 


3811 


3855 


3898 


3941 


3984 


4027 


4070 


4114 


43 


2.32 


0.84157 


4200 


4243 


4286 


4329 


4372 


4415 


4458 


4501 


4544 


43 


2.33 


0.8 4587 


4630 


4673 


4715 


4758 


4801 


4844 


4887 


4930 


4972 


43 


2.34 


0.8 5015 


5058 


5101 


5143 


5186 


5229 


5271 


5314 


5356 


5399 


43 


2.35 


0.8 5442 


5484 


5527 


5569 


5612 


5654 


5697 


5739 


5781 


5824 


43-43 


2.36 


0.8 5866 


5909 


5951 


5993 


6036 


6078 


6120 


6162 


6205 


6247 


43 


2.37 


0.8 6289 


6331 


6373 


6415 


6458 


6500 


6542 


6584 


6626 


6668 


43 


2.38 


0.8 6710 


6752 


6794 


6836 


6878 


6920 


6962 


7004 


7046 


7087 


43 


2.39 


0.8 7129 


7171 


7213 


7255 


7297 


7338 


7380 


7422 


7464 


7505 


43 


2.40 


0.8 7547 


7589 


7630 


7672 


7713 


7755 


7797 


7838 


7880 


7921 


43 


2.41 


0.8 7963 


8004 


8046 


8087 


8129 


8170 


8211 


8253 


8294 


8335 




2.42 


0.8 8377 


8418 


8459 


8501 


8542 


8583 


8624 


8666 


8707 


8748 




2.43 


0.8 8789 


8830 


8871 


8913 


8954 


8995 


9036 


9077 


9118 


9159 




2.44 


0.8 9200 


9241 


9282 


9323 


9364 


9405 


9445 


9486 


9527 


9568 




2.45 


0.8 9609 


9650 


9690 


9731 


9772 


9813 


9853 


9894 


9935 


9975 




2.46 


0.9 0016 


0057 


0097 


0138 


0179 


0219 


0260 


0300 


0341 


0381 


41-40 


2.47 


0.9 0422 


0462 


0503 


0543 


0584 


0624 


0664 


0705 


0745 


0786 


40 


2.48 


0.9 0826 


0866 


0906 


0947 


0987 


1027 


1067 


1108 


1148 


1188 


40 


2.49 


0.9 1228 


1268 


1309 


1349 


1389 


1429 


1469 


1509 


1549 


1589 


40 


2.50 


0.91629 


1669 


1709 


1749 


1789 


1829 


1869 


1909 


1949 


1988 


40 


■■ 
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TABLES. 



125 



Natural Logarithms. 



No. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


D. 


2.50 


0.91629 


1669 


1709 


1749 


1789 


1829 


1869 


1909 


1949 


1988 


40 


2.51 


0.9 2028 


2068 


2108 


2148 


2188 


2227 


2267 


2307 


2346 


2386 


40 


2.52 


0.9 2426 


2466 


2505 


2545 


2584 


2624 


2664 


2703 


2743 


2782 


40 


2.53 


0.9 2822 


2861 


2901 


2940 


2980 


3019 


3059 


3098 


3138 


3177 


40-39 


2.54 


0.9 3216 


3256 


3295 


3334 


3374 


3413 


3452 


3492 


3531 


3570 


39 


2.55 


0.9 3609 


3649 


3688 


3727 


3766 


3805 


3844 


3883 


3923 


3962 


39 


2.56 


0.9 4001 


4040 


4079 


4118 


4157 


4196 


4235 


4274 


4313 


4352 


39 


2.57 


0.9 4391 


4429 


4468 


4507 


4546 


4585 


4624 


4663 


4701 


4740 


39 


2.58 


0.9 4779 


4818 


4856 


4895 


4934 


4973 


5011 


5050 


5089 


5127 


39 


2.59 


0.9 5166 


5204 


5243 


5282 


5320 


5359 


5397 


5436 


5474 


5513 


39-38 


2.60 


0.9 5551 


5590 


5628 


5666 


5705 


5743 


5782 


5820 


5858 


5897 


38 


2.61 


0.9 5935 


5973 


6012 


6050 


6088 


6126 


6165 


6203 


6241 


6279 


38 


2.62 


0.9 6317 


6356 


6394 


6432 


6470 


6508 


6546 


6584 


6622 


6660 


38 


2.63 


0.9 6698 


6736 


6774 


6812 


6850 


6888 


6926 


6964 


7002 


7040 


38 


2.64 


0.9 7078 


7116 


7154 


7191 


7229 


7267 


7305 


7343 


7380 


7418 


38 


2.65 


0.9 7456 


7494 


7531 


7569 


7607 


7644 


7682 


7720 


7757 


7795 


38 


2.66 


0.97833 


7870 


7908 


7945 


7983 


8020 


8058 


8095 


8133 


8170 


38-37 


2.67 


0.9 8208 


8245 


8283 


8320 


8358 


8395 


8432 


8470 


8507 


8544 


37 


2.68 


0.9 8582 


8619 


8656 


8694 


8731 


8768 


8805 


8843 


8880 


8917 


37 


2.69 


0.9 8954 


8991 


9028 


9066 


9103 


9140 


9177 


9214 


9251 


9288 


37 


2.70 


0.9 9325 


9362 


9399 


9436 


9473 


9510 


9547 


9584 


9621 


9658 


37 


2.71 


0.9 9695 


9732 


9769 


9806 


9842 


9879 


9916 


9953 


9990 *0026 


37 


2.72 


1.00063 


0100 


0137 


0173 


0210 


0247 


0284 


0320 


0357 


0394 


37 


2.73 


1.0 0430 


0467 


0503 


0540 


0577 


0613 


0650 


0686 


0723 


0759 


37 


2.74 


1.00796 


0832 


0869 


0905 


0942 


0978 


1015 


1051 


1087 


1124 


36 


2.75 


1.01160 


1196 


1233 


1269 


1305 


1342 


1378 


1414 


1451 


1487 


36 


2.76 


1.0 1523 


1559 


1596 


1632 


1668 


1704 


1740 


1776 


1813 


1849 


36 


2.77 


1.0 1885 


1921 


1957 


1993 


2029 


2065 


2101 


2137 


2173 


2209 


36 


2.78 


1.0 2245 


2281 


2317 


2353 


2389 


2425 


2461 


2497 


2532 


2588 


36 


2.79 


1.0 2604 


2640 


2676 


2712 


2747 


2783 


2819 


2855 


2890 


2926 


36 


2.80 


1.0 2962 


2998 


3033 


3069 


3105 


3140 


3176 


3212 


3247 


3283 


36 


2.81 


1.0 3318 


3354 


3390 


3425 


3461 


3496 


3532 


3567 


3603 


3638 


36-35 


2.82 


1.0 3674 


3709 


3745 


3780 


3815 


3851 


3886 


3922 


3957 


3992 


35 


2.83 


1.0 4028 


4063 


4098 


4134 


4169 


4204 


4239 


4275 


4310 


4345 


35 


2.84 


1.0 4380 


4416 


4451 


4486 


4521 


• 4556 


4591 


4627 


4662 


4697 


35 


2.85 


1.0 4732 


4767 


4802 


4837 


4872 


4907 


4942 


4977 


5012 


5047 


35 


2.86 


1.0 5082 


5117 


5152 


5187 


5222 


5257 


5292 


5327 


5361, 


5396 


35 


2.87 


1.0 5431 


5466 


5501 


5536 


5570 


5605 


5640 


5675 


5710 


5744 


35 


2.88 


1.0 5779 


5814 


5848 


5883 


5918 


5952 


5987 


6022 


6056 


6091 


35 


2.89 


1.0 6126 


6160 


6195 


6229 


6264 


6299 


6333 


6368 


6402 


6437 


35-34 


2.90 


1.0 6471 


6506 


6540 


6574 


6609 


6643 


6678 


6712 


6747 


6781 


34 


2.91 


1.0 6815 


6850 


6884 


6918 


6953 


6987 


7021 


7056 


7090 


7124 


34 


2.92 


1.0 7158 


7193 


7227 


7261 


7295 


7329 


7364 


7398 


7432 


7466 


34 


2.93 


1.0 7500 


7534 


7568 


7603 


7637 


7671 


7705 


7739 


7773 


7807 


34 


2.94 


1.0 7841 


7875 


7909 


7943 


7977 


8011 


8045 


8079 


8113 


8147 


34 


2.95 


1.0 8181 


8214 


8248 


8282 


8316 


8350 


8384 


8418 


8451 


8485 


34 


2.96 


1.0 8519 


8553 


8586 


8620 


8654 


8688 


8721 


8755 


8789 


8823 


34 


2.97 


1.08856 


8890 


8924 


8957 


8991 


9024 


9058 


9092 


9125 


9159 


34 


2.98 


1.09192 


9226 


9259 


9293 


9326 


9360 


9393 


9427 


9460 


9494 


34-33 


2.99 


1.09527 


9561 


9594 


9628 


9661 


9694 


9728 


9761 


9795 


9828 


33 


3.00 


1.09861 


9895 


9928 


9961 


9994 


*0028 


0061 


0094 


0128 


0161 


33 
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No. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 


8.00 


1.09861 


9895 


9928 


9%1 


9994 


•0028 


0061 


0094 


0128 


0161 


33 


3.01 


1.1 0194 


0227 


0260 


0294 


0327 


0360 


0393 


0426 


0459 


0493 


33 


3.02 


1.1 0526 


0559 


0592 


0625 


0658 


0691 


0724 


0757 


0790 


0823 


33 


3.03 


1.1 0856 


0889 


0922 


0955 


0988 


1021 


1054 


1087 


1120 


1153 


33 


3.04 


1.1 1186 


1219 


1252 


1284 


1317 


1350 


1383 


1416 


1449 


1481 


33 


3.05 


1.1 1514 


1547 


1580 


1612 


1645 


1678 


1711 


1743 


1776 


1809 


33 


3.06 


1.1 1841 


1874 


1907 


1939 


1972 


2005 


2037 


2070 


2103 


2135 


33 


3.07 


1.1 2168 


2200 


2233 


2265 


2298 


2330 


2363 


23% 


2428 


2460 


33-3S 


3.08 


1.1 2493 


2525 


2558 


2590 


2623 


2655 


2688 


2720 


2752 


2785 


32 


3.09 


1.1 2817 


2849 


2882 


2914 


2946 


2979 


3011 


3043 


3076 


3108 


33 


8.10 


1.13140 


3172 


3205 


3237 


3269 


3301 


3334 


3366 


3398 


3430 


32 


3.11 


1.1 3462 


3494 


3527 


3559 


3591 


3623 


3655 


3687 


3719 


3751 


32 


3.12 


1.1 3783 


3815 


3847 


3879 


3911 


3943 


3955 


4007 


4039 


4071 


32 


3.13 


1.14103 


4135 


4167 


4199 


4231 


4263 


4295 


4327 


4359 


4390 


32 


3.14 


1.1 4422 


4454 


4486 


4518 


4550 


4581 


4613 


4645 


4677 


4708 


32 


3.15 


1.1 4740 


4772 


4804 


4835 


4867 


4899 


4931 


4%2 


4994 


5026 


32 


3.16 


1.1 5057 


5089 


5120 


5152 


5184 


5215 


5247 


5278 


5310 


5342 


32 


3.17 


1.1 5373 


5405 


5436 


5468 


5499 


5531 


5562 


5594 


5625 


5657 


32-31 


3.18 


1.1 5688 


5720 


5751 


5782 


5814 


5845 


5877 


5908 


5939 


5971 


31 


3.19 


1.16002 


6033 


6065 


60% 


6127 


6159 


6190 


6221 


6253 


6284 


31 


8.20 


1.1 6315 


6346 


6378 


6409 


6440 


6471 


6502 


6534 


6565 


65% 


31 


3.21 


1.1 6627 


6658 


6689 


6721 


6752 


6783 


6814 


6845 


6876 


6907 


31 


3.22 


1.1 6938 


6969 


7000 


7031 


7062 


7093 


7124 


7155 


7186 


7217 


31 


3.23 


1.1 7248 


7279 


7310 


7341 


7372 


7403 


7434 


7465 


74% 


7526 


31 


3.24 


1.1 7557 


7588 


7619 


7650 


7681 


7712 


7742 


7773 


7804 


7835 


31 


3.25 


1.1 7865 


78% 


7927 


7958 


7989 


8019 


8050 


8081 


8111 


8142 


31 


3.26 


1.1 8173 


8203 


8234 


8265 


8295 


8326 


8357 


8387 


8418 


8448 


31 


3.27 


1.1 8479 


8510 


8540 


8571 


8601 


8632 


8662 


8693 


8723 


8754 


31-30 


3.28 


1.1 8784 


8815 


8845 


8876 


8906 


8937 


8967 


8998 


9028 


9058 


30 


3.29 


1.1 9089 


9119 


9150 


9180 


9210 


9241 


9271 


9301 


9332 


9362 


30 


8.80 


1.1 9392 


9423 


9453 


9483 


9513 


9544 


9574 


9604 


9634 


9665 


30 


3.31 


1.1 9695 


9725 


9755 


9785 


9816 


9846 


9876 


9906 


9936 


9966 


30 


3.32 


1.1 9996 «0027 


0057 


0087 


0117 


0147 


0177 


0207 


0237 


0267 


30 


3.33 


1.2 0297 


0327 


0357 


0387 


0417 


0447 


0477 


0507 


0537 


0567 


30 


3.34 


1.2 0597 


0627 


0657 


0687 


0717 


0747 


0777 


0806 


0836 


0866 


30 


3.35 


1.2 08% 


0926 


0956 


0986 


1015 


1045 


1075 


1105 


1135 


1164 


30 


3.36 


1.21194 


1224 


1254 


1283 


1313 


1343 


1373 


1402 


1432 


1462 


30 


3.37 


1.2 1491 


1521 


1551 


1580 


1610 


1640 


1669 


1699 


1728 


1758 


30 


3.38 


1.2 1788 


1817 


1847 


1876 


1906 


1935 


1965 


1994 


2024 


2053 


30 


3.39 


1.2 2083 


2112 


2142 


2171 


2201 


2230 


2260 


2289 


2319 


2348 


29 


8.40 


1.2 2378 


2407 


2436 


2466 


2495 


2524 


2554 


2583 


2613 


2642 


29 


3.41 


1.2 2671 


2701 


2730 


2759 


2788 


2818 


2847 


2876 


2906 


2935 


29 


3.42 


1.2 2964 


2993 


3023 


3052 


3081 


3110 


3139 


3169 


3198 


3227 


fi9 


3.43 


1.2 3256 


3285 


3314 


3343 


3373 


3402 


3431 


3460 


3489 


3518 


29 


3.44 


1.2 3547 


3576 


3605 


3634 


3663 


3692 


3721 


3750 


3779 


3808 


29 


3.45 


1.2 3837 


3866 


3895 


3924 


3953 


3982 


4011 


4040 


4069 


4098 


29 


3.46 


1.2 4127 


4156 


4185 


4214 


4242 


4271 


4300 


4329 


4358 


4387 


29 


3.47 


1.2 4415 


4444 


4473 


4502 


4531 


4559 


4588 


4617 


4646 


4674 


29 


3.48 


1.2 4703 


4732 


4761 


4789 


4818 


4847 


4875 


4904 


4933 


4%2 


29 


3.49 


1.24990 


5019 


5047 


5076 


5105 


5133 


5162 


5191 


5219 


5248 


29 


8.60 


1.2 5276 


5305 


5333 


5362 


5391 


5419 


5448 


5476 


5505 


5533 


29-28 
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Ko. 


• 


1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 


8.60 


1.2 5276 


5305 


5333 


5362 


5391 


5419 


5448 


5476 


5505 


5533 


29-28 


3.51 


1.2 5562 


5590 


5619 


5647 


5675 


5704 


5732 


5761 


5789 


5818 


28 


3.52 


1.2 5846 


5875 


5903 


5931 


5960 


5988 


6016 


6045 


6073 


6101 


28 


3.53 


1.2 6130 


6158 


6186 


6215 


6243 


6271 


6300 


6328 


6356 


6384 


28 


3.54 


1.2 6413 


6441 


6469 


6497 


6526 


6554 


6582 


6610 


6638 


6667 


28 


3.55 


1.2 6695 


6723 


6751 


6779 


6807 


6836 


6864 


6892 


6920 


6948 


28 


3.56 


1.2 6976 


7004 


7032 


7060 


7088 


7116 


7144 


7172 


7201 


7229 


28 


3.57 


1.2 7257 


7285 


7313 


7341 


7369 


7397 


7424 


7452 


7480 


7508 


28 


3.58 


1.2 7536 


7564 


7592 


7620 


7648 


7676 


7704 


7732 


7759 


7787 


28 


3.59 


1.2 7815 


7843 


7871 


7899 


7927 


7954 


7982 


8010 


8038 


8066 


28 


3.60 


1.2 8093 


8121 


8149 


8177 


8204 


8232 


8260 


8288 


8315 


8343 


28 


3.61 


1.2 8371 


8398 


8426 


8454 


8482 


8509 


8537 


8564 


8592 


8620 


28 


3.62 


1.2 8647 


8675 


8703 


8730 


8758 


8785 


8813 


8841 


8868 


8896 


28 


3.63 


1.2 8923 


8951 


8978 


9006 


9033 


9061 


9088 


9116 


9143 


9171 


28-27 


3.64 


1.2 9198 


9226 


9253 


9281 


9308 


9336 


9363 


9390 


9418 


9445 


27 


3.65 


1.2 9473 


9500 


9527 


9555 


9582 


9610 


9637 


9664 


9692 


9719 


27 


3.66 


1.2 9746 


9774 


9801 


9828 


9856 


9883 


9910 


9937 


9965 


9992 


27 


3.67 


1.3 0019 


0046 


0074 


0101 


0128 


0155 


0183 


0210 


0237 


0264 


27 


3.68 


1.3 0291 


0318 


0346 


0373 


0400 


0427 


0454 


0481 


0508 


0536 


27 


3.69 


1.3 0563 


0590 


0617 


0644 


0671 


0698 


0725 


0752 


0779 


0806 


27 


8.70 


1.3 0833 


0860 


0887 


0914 


0941 


0%8 


0995 


1022 


1049 


1076 


27 


3.71 


1.3 1103 


1130 


1157 


1184 


1211 


1238 


1265 


1292 


1319 


1345 


27 


3.72 


1.3 1372 


1399 


1426 


1453 


1480 


1507 


1534 


1560 


1587 


1614 


27 


3.73 


1.3 1641 


1668 


1694 


1721 


1748 


1775 


1802 


1828 


1855 


1882 


27 


3.74 


1.31909 


1935 


1%2 


1989 


2015 


2042 


2069 


2096 


2122 


2149 


27 


3.75 


1.3 2176 


2202 


2229 


2256 


2282 


2309 


2335 


2362 


2389 


2415 


27 


3.76 


1.3 2442 


2468 


2495 


2522 


2548 


2575 


2601 


2628 


2654 


2681 


27 


3.77 


1.3 2708 


2734 


2761 


2787 


2814 


2840 


2867 


2893 


2919 


2946 


27-26 


3.78 


1.3 2972 


2999 


3025 


3052 


3078 


3105 


3131 


3157 


3184 


3210 


26 


3.79 


1.3 3237 


3263 


3289 


3316 


3342 


3368 


3395 


3421 


3447 


3474 


26 


8.80 


1.3 3500 


3526 


3553 


3579 


3605 


3632 


3658 


3684 


3710 


3737 


26 


3.81 


1.3 3763 


3789 


3815 


3842 


3868 


3894 


3920 


3946 


3973 


3999 


26 


3.82 


1.3 4025 


4051 


4077 


4104 


4130 


4156 


4182 


4208 


4234 


4260 


26 


3.83 


1.3 4286 


4313 


4339 


4365 


4391 


4417 


4443 


4469 


4495 


4521 


26 


3.84 


1.3 4547 


4573 


4599 


4625 


4651 


4677 


4703 


4729 


4755 


4781 


26 


3.85 


1.3 4807 


4833 


4859 


4885 


4911 


4937 


4963 


4989 


5015 


5041 


26 


3.86 


1.3 5067 


5093 


5119 


5144 


5170 


5196 


5222 


5248 


5274 


5300 


26 


3.87 


1.3 5325 


5351 


5377 


5403 


5429 


5455 


5480 


5506 


5532 


5558 


26 


3.88 


1.3 5584 


5609 


5635 


5661 


5687 


5712 


5738 


5764 


5789 


5815 


26 


3.89 


1.3 5841 


5867 


5892 


5918 


5944 


5969 


5995 


6021 


6046 


6072 


26 


8.90 


1.3 6098 


6123 


6149 


6175 


6200 


6226 


6251 


6277 


6303 


6328 


26 


3.91 


1.3 6354 


6379 


6405 


6430 


6456 


6481 


6507 


6533 


6558 


6584 


26 


3.92 


1.3 6609 


6635 


6660 


6686 


6711 


6737 


6762 


6788 


6813 


6838 


26-25 


3.93 


1.3 6864 


6889 


6915 


6940 


6966 


6991 


7016 


7042 


7067 


7093 


25 


3.94 


1.3 7118 


7143 


7169 


7194 


7220 


7245 


7270 


7296 


7321 


7346 


25 


3.95 


1.3 7372 


7397 


7422 


7447 


7473 


7498 


7523 


7549 


7574 


7599 


25 


3.% 


1.3 7624 


7650 


7675 


7700 


7725 


7751 


7776 


7801 


7826 


7851 


25 


3.97 


1.3 7877 


7902 


7927 


7952 


7977 


8002 


8028 


8053 


8078 


8103 


25 


3.98 


1.3 8128 


8143 


8178 


8204 


8229 


8254 


8279 


8304 


8329 


8354 


25 


3.99 


1.3 8379 


8404 


8429 


8454 


8479 


8504 


8529 


8554 


8579 


8604 


25 


4.00 


13 8629 


8654 


8679 


8704 


8729 


8754 


8779 


8804 


8829 


8854 


25 
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No. 





1 


2 


8 


4 


6 


6 


7 


8 • 


9 


D. 


4.00 


1.3 8629 


8654 


8679 


8704 


8729 


8754 


8779 


8804 


8829 


8854 


35 


4.01 


1.3 8879 


8904 


8929 


8954 


8979 


9004 


9029 


9054 


9078 


9103 


S5 


4.02 


1.3 9128 


9153 


9178 


9203 


9228 


9252 


9277 


9302 


9327 


9352 


35 


4.03 


1.3 9377 


9401 


9426 


9451 


9476 


9501 


9525 


9550 


9575 


9600 


35 


4.04 


1.3 9624 


9649 


9674 


9699 


9723 


9748 


9773 


9798 


9822 


9847 


35 


4.05 


1.3 9872 


9896 


9921 


9946 


9970 


9995 *0020 


0044 


0069 


0094 


35 


4.06 


1.4 0118 


0143 


0168 


0192 


0217 


0241 


0266 


0291 


0315 


0340 


35 


4.07 


1.4 0364 


0389 


0413 


0438 


0463 


0487 


0512 


0536 


0561 


0585 


35 


4.08 


1.4 0610 


0634 


0659 


0683 


0708 


0732 


0757 


0781 


0806 


0830 


35-34 


4.09 


1.4 0854 


0879 


0903 


0928 


0952 


0977 


1001 


1025 


1050 


1074 


34 


4.10 


1.4 1099 


1123 


1147 


1172 


1196 


1221 


1245 


]269 


1294 


1318 


34 


4.11 


1.4 1342 


1367 


1391 


1415 


1440 


1464 


1488 


1512 


1537 


1561 


34 


4.12 


1.4 1585 


1610 


1634 


1658 


1682 


1707 


1731 


1755 


1779 


1804 


34 


4.13 


1.4 1828 


1852 


1876 


1900 


1925 


19^9 


1973 


1997 


2021 


2045 


34 


4.14 


1.4 2070 


2094 


2138 


2142 


2166 


2190 


2214 


2239 


2263 


2287 


34 


4.15 


1.4 2311 


2335 


2359 


2383 


2407 


2431 


2455 


2479 


2503 


2527 


34 


4.16 


1.4 2552 


2576 


2600 


2624 


2648 


2672 


2696 


2720 


2744 


2768 


34 


4.17 


1.4 2792 


2816 


2840 


2864 


2887 


2911 


2935 


2959 


2983 


3007 


34 


4.18 


1.4 3031 


3055 


3079 


3103 


3127 


3151 


3175 


3198 


3222 


3246 


34 


4.19 


1.4 3270 


3294 


3318 


3342 


3365 


3389 


3413 


3437 


3461 


3485 


34 


4.20 


1.4 3508 


3532 


3556 


3580 


3604 


3627 


3651 


3675 


3699 


3723 


34 


4.21 


1.4 3746 


3770 


3794 


3817 


3841 


3865 


3889 


3912 


3936 


3960 


34 


4.22 


1.4 3984 


4007 


4031 


4055 


4078 


4102 


4126 


4149 


4173 


4197 


34 


4.23 


1.4 4220 


4244 


4267 


4291 


4315 


4338 


4362 


4386 


4409 


4433 


34 


4.24 


1.4 4456 


4480 


4503 


45^7 


4551 


4574 


4598 


4621 


4645 


4668 


34 


4.25 


1.4 4692 


4715 


4739 


4762 


4786 


4809 


4833 


4856 


4880 


4903 


34-33 


4.26 


1.4 4927 


4950 


4974 


4997 


5021 


5044 


5068 


5091 


5115 


5138 


33 


4.27 


1.4 5161 


5185 


5208 


5232 


5255 


5278 


5302 


5325 


5349 


5372 


33 


4.28 


1.4 5395 


5419 


5442 


5465 


5489 


5512 


5535 


5559 


5582 


5605 


33 


4.29 


1.4 5629 


5652 


5675 


5699 


5722 


5745 


5768 


5792 


5815 


5838 


33 


4.30 


1.4 5862 


5885 


5908 


5931 


5954 


5978 


6001 


6024 


6047 


6071 


33 


4.31 


1.4 6094 


6117 


6140 


6163 


6187 


6210 


6233 


6256 


6279 


6302 


33 


4.32 


1.4 6326 


6349 


6372 


6395 


6418 


6441 


6464 


6487 


6511 


6534 


33 


4.33 


1.4 6557 


6580 


6603 


6626 


6649 


6672 


6695 


6718 


6741 


6764 


33 


4.34 


1.4 6787 


6810 


6834 


6857 


6880 


6903 


6926 


6949 


6972 


6995 


33 


4.35 


1.4 7018 


7041 


7064 


7087 


7109 


7132 


7155 


7178 


7201 


7224 


33 


4.36 


1.4 7247 


7270 


7293 


7316 


7339 


7362 


7385 


7408 


7431 


7453 


33 


4.37 


1.4 7476 


7499 


7522 


7545 


7568 


7591 


7614 


7636 


7659 


7682 


33 


4.38 


1.4 7705 


7728 


7751 


7773 


7796 


7819 


7842 


7865 


7887 


7910 


33 


4.39 


1.4 7933 


7956 


7978 


8001 


8024 


8047 


8070 


8092 


8115 


8138 


33 


4.40 


1.4 8160 


8183 


8206 


8229 


8251 


8274 


8297 


8319 


8342 


8365 


33 


4.41 


1.4 8387 


8410 


8433 


8455 


8478 


8501 


8523 


8546 


8569 


8591 


33 


4.42 


1.4 8614 


8637 


8659 


8682 


8704 


8727 


8750 


8772 


8795 


8817 


33 


4.43 


1.4 8840 


8863 


8885 


8908 


8930 


8953 


8975 


8998 


9020 


9043 


33 


4.44 


1.4 9065 


9088 


9110 


9133 


9155 


9178 


9200 


9223 


9245 


9268 


33 


4.45 


1.4 9290 


9313 


9335 


9358 


9380 


9403 


9425 


9448 


9470 


9492 


33-93 


4.46 


1.4 9515 


9537 


9560 


9582 


9605 


9627 


%49 


%72 


9694 


9716 


S3 


4.47 


1.4 9739 


9761 


9784 


9806 


9828 


9851 


9873 


9895 


9918 


9940 


33 


4.48 


1.4 9962 


9985 *0007 


0029 


0052 


0074 


00% 


0118 


0141 


0163 


33 


4.49 


1.5 0185 


0208 


0230 


0252 


0274 


0297 


0319 


0341 


0363 


0386 


33 


4.50 


1.5 0408 


0430 


0452 


0474 


0497 


0519 


0541 


0563 


0585 


0608 


33 







1 


2 


3 


4 


5 
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TABLES. 



129 



Natural Logarithms. 



D. . 



i\ 



No. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 


4.50 


1.5 0408 


0430 


0452 


0474 


0497 


0519 


0541 


0563 


0585 


0608 


22 


4.51 


1.5 0630 


0652 


0674 


0696 


0718 


0741 


0763 


0785 


0807 


0829 


22 


4.52 


1.5 0851 


0873 


0895 


0918 


0940 


0962 


0984 


1006 


1028 


1050 


23 


4.53 


1.5 1072 


1094 


1116 


1138 


1160 


1183 


1205 


1227 


1249 


1271 


22 


4.54 


1.5 1293 


1315 


1337 


1359 


1381 


1403 


1425 


1447 


1469 


1491 


22 


4.55 


1.5 1513 


1535 


1557 


1579 


1601 


1623 


1645 


1666 


1688 


1710 


22 


4.56 


1.5 1732 


1754 


1776 


1798 


1820 


1842 


1864 


1886 


1908 


1929 


22 


4.57 


1.5 1951 


1973 


1995 


2017 


2039 


2061 


2083 


2104 


2126 


2148 


22 


4.58 


1.5 2170 


2192 


2214 


2235 


2257 


2279 


2301 


2323 


2344 


2366 


22 


4.59 


1.5 2388 


2410 


2432 


2453 


2475 


2497 


2519 


2540 


2562 


2584 


22 


4.60 


1.5 2606 


2627 


2649 


2671 


2693 


2714 


2736 


2758 


2779 


2801 


22 


4.61 


1.5 2823 


2844 


2866 


2888 


2910 


2931 


2953 


2975 


29% 


3018 


22 


4.62 


1.5 3039 


3061 


3083 


3104 


3126 


3148 


3169 


3191 


3212 


3234 


22 


4.63 


1.5 3256 


3277 


3299 


3320 


3342 


3364 


3385 


3407 


3428 


3450 


22 


4.64 


1.5 3471 


3493 


3515 


3536 


3558 


3579 


3601 


3622 


3644 


3665 


22 


4.65 


1.5 3687 


3708 


3730 


3751 


3773 


3794 


3816 


3837 


3859 


3880 


22-21 


4.66 


1.5 3902 


3923 


3944 


3966 


3987 


4009 


4030 


4052 


4073 


4094 


21 


4.67 


1.5 4116 


4137 


4159 


4180 


4202 


4223 


4244 


4266 


4287 


4308 


21 


4.68 


1.5 4330 


4351 


4373 


4394 


4415 


4437 


4458 


4479 


4501 


4522 


21 


4.69 


1.5 4543 


4565 


4586 


4607 


4629 


4650 


4671 


4692 


4714 


4735 


21 


4.70 


1.5 4756 


4778 


4799 


4820 


4841 


4863 


4884 


4905 


4926 


4948 


21 


4.71 


1.5 4969 


4990 


5011 


5032 


5054 


5075 


5096 


5117 


5138 


5160 


21 


4.72 


1.5 5181 


5202 


5223 


5244 


5266 


5287 


5308 


5329 


5350 


5371 


21 


4.73 


1.5 5393 


5414 


5435 


5456 


5477 


5498 


5519 


5540 


5562 


5583 


21 


4.74 


1.5 5604 


5625 


5646 


5667 


5688 


5709 


5730 


5751 


5772 


5793 


21 


4.75 


1.5 5814 


5836 


5857 


5878 


5899 


5920 


5941 


5%2 


5983 


6004 


21 


4.76 


1.5 6025 


6046 


6067 


6088 


6109 


6130 


6151 


6172 


6193 


6214 


21 


4.77 


1.5 6235 


6256 


6277 


6298 


6318 


6339 


6360 


6381 


6402 


6423 


21 


4.78 


1.5 6444 


6465 


6486 


6507 


6528 


6549 


6569 


6590 


6611 


6632 


21 


4.79 


1.5 6653 


6674 


6695 


6716 


6737 


6757 


6778 


6799 


6820 


6841 


21 


4.80 


1.5 6862 


6882 


6903 


6924 


6945 


6966 


6987 


7007 


7028 


7049 


21 


4.81 


1.5 7070 


7090 


7111 


7132 


7153 


7174 


7194 


7215 


7236 


7257 


21 


4.82 


1.5 7277 


7298 


7319 


7340 


7360 


7381 


7402 


7423 


7443 


7464 


21 


4.83 


1.5 7485 


7505 


7526 


7547 


7567 


7588 


7609 


7629 


7650 


7671 


21 


4.84 


1.5 7691 


7712 


7733 


7753 


7774 


7795 


7815 


7836 


785 7 


7877 


21 


4.85 


1.5 7898 


7918 


7939 


7960 


7980 


8001 


8022 


8042 


8063 


8083 


21 


4.86 


1.5 8104 


8124 


8145 


8166 


8186 


8207 


8227 


8248 


8268 


8289 


21 


4.87 


1.5 8309 


8330 


8350 


8371 


8391 


8412 


8433 


8453 


8474 


8494 


21-20 


4.88 


1.5 8515 


8535 


8555 


8576 


8596 


8617 


8637 


8658 


8678 


8699 


20 


4.89 


1.5 8719 


8740 


8760 


8781 


8801 


8821 


8842 


8862 


8883 


8903 


20 


4.90 


1.5 8924 


8944 


8964 


8985 


9005 


9026 


9046 


9066 


9087 


9107 


20 


4.91 


1.5 9127 


9148 


9168 


9188 


9209 


9229 


9250 


9270 


9290 


9311 


20 


4.92 


1.5 9331 


9351 


9371 


9392 


9412 


9432 


9453 


9473 


9493 


9514 


£0 


4.93 


1.5 9534 


9554 


9574 


9595 


9615 


9635 


9656 


9676 


%96 


9716 


20 


4.94 


1.5 9737 


9757 


9777 


9797 


9817 


9838 


9858 


9878 


9898 


9919 


20 


4.95 


1.5 9939 


9959 


9979 


9999 *0020 


0040 


0060 


0080 


0100 


0120 


20 


4.96 


1.6 0141 


0161 


0181 


0201 


0221 


0241 


0261 


0282 


0302 


0322 


20 


4.97 


1.6 0342 


0362 


0382 


0402 


0122 


0443 


0463 


0483 


0503 


0523 


20 


4.98 


1.6 0543 


0563 


0583 


0603 


0623 


0643 


0663 


0683 


0704 


0724 


20 


4.99 


1.6 0744 


0764 


0784 


0804 


0824 


0844 


0864 


0884 


0904 


0924 


20 


5.00 


1.6 0944 


0964 


0984 


1004 


1024 


1044 


1064 


1084 


1104 


1124 


20 







1 


2 


3 


4 


6 


6 
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TABLES. 



Natural Logarithms. 



No. 





1 


2 


8 


4 


6 


6 


7 


8 





D. 


6.0 


1.60944 


1144 


1343 


1542 


1741 


1939 


2137 


2334 


2531 


2728 


200-196 


5.1 


1.6 2924 


3120 


3315 


3511 


3705 


3900 


4094 


4287 


4481 


4673 


196-199 


5.2 


1.64866 


5058 


5250 


5441 


56.32 


5823 


6013 


6203 


6393 


6582 


193-189 


5.3 


1.6 6771 


6959 


7147 


7335 


7523 


7710 


78% 


8083 


8269 


8455 


189-1«> 


5.4 


1.68640 


8825 


9010 


9194 


9378 


9562 


9745 


9928 *0111 


0293 


185-183 


5.5 


1.7 0475 


0656 


0838 


1019 


1199 


1380 


1560 


1740 


1919 


2098 


183-179 


5.6 


1.7 2277 


2455 


2633 


2811 


2988 


3166 


3342 


3519 


3695 


3871 


178-176 


5.7 


1.74047 


4222 


4397 


4572 


4746 


4920 


5094 


5267 


5440 


5613 


175-173^ 


5.8 


1.7 5786 


5958 


6130 


6302 


6473 


6644 


6815 


6985 


7156 


7326 


173-170 


5.9 


1.7 7495 


7665 


7834 


8002 


8171 


8339 


8507 


8675 


8842 


9009 


169-167 


6.0 


1.79176 


9342 


9509 


9675 


9840 


*0006 


0171 


0336 


0500 


0665 


167-164 


6.1 


1.80829 


0993 


1156 


1319 


1482 


1645 


1808 


1970 


2132 


2294 


164-161 


6.2 


1.8 2455 


2616 


2777 


2938 


3098 


3258 


3418 


3578 


3737 


3896 


161-159 


6.3 


1.8 4055 


4214 


4372 


4530 


4688 


4845 


5003 


5160 


5317 


5473 


159-156 


6.4 


1.8 5630 


5786 


5942 


6097 


6253 


640S 


6563 


6718 


6872 


7026 


156-154 


6.5 


1.8 7180 


7334 


7487 


7641 


7794 


7947 


8099 


8251 


8403 


8555 


154-159 


6.6 


1.8 8707 


8858 


9010 


9160 


9311 


9462 


9612 


9762 


9912 *0061 


151-149 


6.7 


1.90211 


0360 


0509 


0658 


0806 


0954 


1102 


1250 


1398 


1545 


149-147 


6.8 


1.9 1692 


1839 


1986 


2132 


2279 


2425 


2571 


2716 


2862 


3007 


147-145 


6.9 


1.9 3152 


3297 


3442 


3586 


3730 


3874 


4018 


4162 


4305 


4448 


145-143 


7.0 


1.9 4591 


4734 


4876 


5019 


5161 


5303 


5445 


5586 


5727 


5869 


143-141 


7.1 


1.96009 


6150 


6291 


6431 


6571 


6711 


6851 


6991 


7130 


7269 


141-139 


7.2 


1.9 7408 


7547 


7685 


7824 


7962 


8100 


8238 


8376 


8513 


8650 


139-137 


7.3 


1.98787 


8924 


9061 


9198 


9334 


9470 


9606 


9742 


98%7 •OOU 


137-135 


7.4 


2.0 0148 


0283 


0418 


0553 


0687 


0821 


0956 


1089 


1223 


1357 


135-133 


7.5 


2.0 1490 


1624 


1757 


1890 


2022 


2155 


2287 


2419 


2551 


2683 


133-133 


7.6 


2.0 2815 


2946 


3078 


3209 


3340 


3471 


3601 


3732 


3862 


3992 


131-130 


7.7 


2.0 4122 


4252 


4381 


4511 


4640 


4769 


4898 


5027 


5156 


5284 


130-138 


7.8 


2.0 5412 


5540 


5668 


5796 


5924 


6051 


6179 


6306 


6433 


6560 


13S-1S7 


7.9 


2.06686 


6813 


6939 


7065 


7191 


7317 


7443 


7568 


7694 


7819 


137-135 


8.0 


2.0 7944 


8069 


8194 


8318 


8443 


8567 


8691 


8815 


8939 


9063 


135-134 


8.1 


2.0 9186 


9310 


9433 


9556 


%79 


9802 


9924 *0047 


0169 


0291 


133-132 


8.2 


2.1 0413 


0535 


0657 


0779 


0900 


1021 


1142 


1263 


1384 


1505 


133-191 


8.3 


2.1 1626 


1746 


1866 


1986 


2106 


2226 


2346 


2465 


2585 


2704 


130-119 


8.4 


2.1 2823 


2942- 


3061 


3180 


3298 


3417 


3535 


3653 


3771 


3889 


119-118 


8.5 


2.14007 


4124 


4242 


4359 


4476 


4593 


4710 


4827 


4943 


5060 


118-116 


8.6 


2.1 5176 


5292 


5409 


5524 


5640 


5756 


5871 


5987 


6102 


6217 


116-115 


8.7 


2.1 6332 


6447 


6562 


6677 


6791 


6905 


7020 


7134 


7248 


7361 


115-114 


8.8 


2.1 7475 


7589 


7702 


7816 


7929 


8042 


8155 


8267 


8380 


8493 


114-113 


8.9 


2.1 8605 


8717 


8830 


8942 


9054 


9165 


9277 


9389 


9500 


9611 


112-111 


9.0 


2.1 9722 


9834 


9944 *0055 


0166 


0276 


0387 


0497 


0607 


0717 


111-110 


9.1 


2.2 0827 


0937 


1047 


1157 


1266 


1375 


1485 


1594 


1703 


1812 


110-109 


9.2 


2.2 1920 


2029 


2138 


2246 


2354 


2462 


2570 


2678 


2786 


2894 


109-108 


9.3 


2.2 3001 


3109 


3216 


3324 


3431 


3538 


3645 


3751 


3858 


3965 


107-106 


9.4 


2.2 4071 


4177 


4284 


4390 


4496 


4601 


4707 


4813 


4918 


5024 


106-105 


9.5 


2.2 5129 


5234 


5339 


5444 


5549 


5654 


5759 


5863 


5968 


6072 


105-104 


9.6 


2.2 6176 


6280 


6384 


6488 


6592 


6696 


6799 


6903 


7006 


7109 


104-103 


9.7 


2.2 7213 


7316 


7419 


7521 


7624 


7727 


7829 


7932 


8034 


8136 


103-103 


9.8 


2.2 8238 


8340 


8442 


8544 


8646 


8747 


8849 


8950 


9051 


9152 


lOQ-101 


9.9 


2.2 9253 


9354 


9455 


9556 


%57 


9757 


9858 


9958 •0058 


0158 


101-100 


10.0 


2.3 0259 


0358 


0458 


0558 


0658 


0757 


0857 


0956 


1055 


1154 


100-99 
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2 
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TABLES. 



131 



The Natural Logarithms (each increased by 10.) of Numbers between 0.00 and 0.99. 



No. 





1 


2 


3 


4 


5 


6 


7 


8 





0.0 




5.395 


6.088 


6.493 


6.781 


7.004 


7.187 


7341 


7.474 


7.592 


0.1 


7.697 


7.793 


?.880 


7.960 


8.034 


8.103 


8.167 


8.228 


8.285 


8.339 


0.2 


8.391 


8.439 


8.486 


8.530 


8.573 


8.614 


8.653 


8.691 


8.727 


8.762 


0.3 


8.796 


8.829 


8.861 


8.891 


8.921 


8.950 


8.978 


9.006 


9.032 


9.058 


0.4 


9.084 


9.108 


9.132 


9.156 


9.179 


9.201 


9.223 


9.245 


9.266 


9.287 


0.5 


9.307 


9.327 


9.346 


9.365 


9.384 


9.402 


9.420 


9.438 


9.455 


9.472 


0.6 


9.489 


9.506 


9.522 


9.538 


9.554 


9.569 


9.584 


9.600 


9.614 


9.629 


0.7 


9.643 


9.658 


9.671 


9.685 


9.699 


9.712 


9.726 


9.739 


9.752 


9.764 


0.8 


9.777 


9.789 


9.802 


9.814 


9.826 


9.837 


9.849 


9.861 


9.872 


9.883 


0.9 


9.895 


9.906 


9.917 


9.927 


9.938 


9.949 


9.959 


9.970 


9.980 


9.990 



Note : log«x = logioX • loge 10 = (2.30269) logio x. 



The Natural Logarithms of Whole Numbers from 10 to 209. 



No. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


1 


2.3026 


3979 


4849 


5649 


6391 


7080 


7726 


8332 


8904 


9444 


2 


2.9957 


•0445 


0910 


1355 


1781 


2189 


2581 


2958 


3322 


3673 


6 


3.4012 


4340 


4657 


4965 


5264 


5553 


5835 


6109 


6376 


6636 


4 


3.6889 


7136 


7377 


7612 


7842 


8067 


8286 


8501 


8712 


8918 


5 


3.9120 


9318 


9512 


9703 


9890 


•0073 


0254 


0431 


0604 


0775 


6 


4.0943 


1109 


1271 


1431 


1589 


1744 


1897 


2047 


2195 


2341 


7 


4.2485 


2627 


2767 


2905 


3041 


3175 


3307 


3438 


3567 


3694 


8 


4.3820 


3944 


4067 


4188 


4308 


4427 


4543 


4659 


4773 


4886 


9 


4.4998 


5109 


5218 


5326 


5433 


5539 


5643 


5747 


5850 


5951 


10 


4.6052 


6151 


6250 


6347 


6444 


6540 


6634 


6728 


6821 


6913 


11 


4.7005 


7095 


7185 


7274 


7362 


7449 


7536 


7622 


7707 


7791 


12 


4.7875 


7958 


8040 


8122 


8203 


8283 


8363 


8442 


8520 


8598 


13 


4.8675 


8752 


8828 


8903 


8978 


9053 


9127 


9200 


9273 


9345 


14 


4.9416 


9488 


9558 


%28 


9698 


9767 


9836 


9904 


9972 


*0039 


15 


5.0106 


0173 


0239 


0304 


0370 


0434 


0499 


0562 


0626 


0689 


16 


5.0752 


0814 


0876 


0938 


0999 


1059 


1120 


1180 


1240 


1299 


17 


5.1358 


1417 


1475 


1533 


1591 


1648 


1705 


1762 


1818 


1874 


18 


5.1930 


1985 


2040 


2095 


2149 


2204 


2257 


2311 


2364 


2417 


19 


5.2470 


2523 


2575 


2627 


2679 


2730 


2781 


2832 


2883 


2933 


20 


5.2983 


3033 


3083 


3132 


3181 


3230 


3279 


3327 


3375 


3423 



Note : log« 10 = 2.30258509. 



loge 100 = 4.60617019. 



132 



TABLES. 



The Common Logarithms of T(n) for Values of n between 1 and 2. 



n 


«— 1 


n 


9; 

o 

bo 

O 


n 


Eh 

o 

1 


n 


Eh 

o 


n 


o 


1.01 


1.9975 


1.21 


1.9617 


1.41 


1.9478 


1.61 


1.9517 


1.81 


1.9704 


1.02 


T.9951 


1.22 


1.9605 


1.42 


1.9476 


1.62 


1.9523 


1.82 


1.9717 


1.03 


1.9928 


1.23 


1.9594 


1.43 


1.9475 


1.63 


T.9529 


1.83 


1.9730 


l.W 


1.9905 


1.24 


1.9583 


1.44 


1.9473 


1.64 


T.9536 


1.84 


T.9743 


1.05 


1.9883 


1.25 


T.9573 


1.45 


1.9473 


1.65 


1.9543 


1.85 


1.9757 


1.00 


1.9862 


1.26 


1.9564 


1.46 


1.9472 


1.66 


T.9550 


1.86 


1.9771 


1.07 


1.9841 


1.27 


1.9554 


1.47 


1.9473 


1.67 


T.9558 


1.87 


1.9786 


1.08 


1.9821 


1.28 


1.9546 


1.48 


1.9473 


1.68 


T.9566 


1.88 


T.9S00 


1.09 


1.9802 


1.29 


1.9538 


1.49 


1.9474 


1.69 


1.9575 


1.89 


1.9815 


1.10 


1.9783 


1.30 


1.9530 


1.50 


1.9475 


1.70 


T.9584 


1.90 


1.9831 


1.11 


1.9765 


1.31 


T.9523 


1.51 


1.9477 


1.71 


T.9593 


1.91 


T.9846 


1.12 


1.9748 


1.32 


1.9516 


1.52 


T.9479 


1.72 


1.9603 


1.92 


1.9862 


1.13 


1.9731 


1.33 


T.9510 


1.53 


1.9482 


1.73 


1.9613 


1.93 


1.9878 


1.14 


1.9715 


1.34 


1.9505 


1.54 


1.9485 


1.74 


l.%23 


1.94 


1.9895 


1.15 


1.9699 


1.35 


1.9500 


1.55 


1.9488 


1.75 


1.9633 


1.95 


1.9912 


1.16 


1.9684 


1.36 


1.9495 


1.56 


1.9492 


1.76 


1.9644 


1.96 


1.9929 


1.17 


T.9669 


1.37 


1.9491 


1.57 


1,9496 


1.77 


T.%56 


1.97 


1.9946 


1.18 


T.9655 


1.38 


T.94S7 


1.58 


T.9501 


1.78 


1.9667 


1.98 


1.9964 


1.19 


1.9642 


1.39 


1.9483 


1.59 


1.9506 


1.79 


1.9679 


1.99 


1.9982 


1.20 


I%29 


1.40 


1.9481 


1.60 


1.9511 


1.80 


T.9691 


2.00 


0.0000 



T(z + l) = Z'T{z), z>l. 



TABLKS. 
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NATURAL TRIGONOMETRIC FUNCTIONS. 



. 



Angle. 


Sin. 


Cbc. 


Tan. 


Ctn. 


Sec. 


Cos. 




0° 


0.000 


00 


0.000 


00 


1.000 


1.000 


90° 


1 


0.017 


57.30 


0.017 


57.29 


1.000 


1.000 


89 


2 


0.035 


28.65 


0.035 


28.64 


1.001 


0.999 


88 


3 


0.052 


19.11 


0.052 


19.08 


1.001 


0.999 


87 


4 


0.070 


14.34 


0.070 


14.30 


1.002 


0.998 


86 


5° • 


0.087 


11.47 


0.087 


11.43 


1.004 


0.996 


85^ 


6 


0.105 


9.567 


0.105 


9.514 


1.006 


0.995 


84 


7 


0.122 


8.206 


0.123 


8.144 


1.008 


0.993 


83 


8 


0.139 


7.185 


0.141 


7.115 


1.010 


0.990 


82 


9 


0.156 


6.392 


0.158 


6.314 


1.012 


0.988 


81 


10° 


0.174 


5.759 


0.176 


5.671 


1.015 


0.985 


80° 


11 


0.191 


5.241 


0.194 


5.145 


1.019 


0.982 


79 


12 


0.208 


4.810 


0.213 


4.705 


1.022 


0.978 


78 


13 


0.225 


4.445 


0.231 


4.331 


1.026 


0.974 


77 


14 


0.242 


4.134 


0.249 


4.011 


1.031 


0.970 


76 


15° 


0.259 


3.864 


0.268 


3.732 


1.035 


0.966 


76° 


16 


0.276 


3.628 


0.287 


3.487 


1.040 


0.961 


74 


17 


0.292 


3.420 


0.306 


3.271 


1.046 


0.956 


73 


18 


0.309 


3.236 


0.325 


3.078 


1.051 


0.951 


72 


19 


0.326 


3.072 


0.344 


2.904 


1.058 


0.946 


71 


20° 


0.342 


2.924 


0.364 


2.747 


1.064 


0.940 


70° 


21 


0.358 


2.790 


0.384 


2.605 


1.071 


0.934 


69 


22 


0.375 


2.669 


0.404 


2.475 


1.079 


0.927 


68 


23 


0.391 


2.559 


0.424 


2.356 


1.086 


0.921 


67 


24 


0.407 


2.459 


0.445 


2.246 


1.095 


0.914 


66 


26° 


0.423 


2.366 


0.466 


2.145 


1.103 


0.906 


65° 


26 


0.438 


2.281 


0.488 


2.050 


1.113 


0.899 


64 


27 


0.454 


2.203 


0.510 


1.963 


1.122 


0.891 


63 


28 


0.469 


2.130 


0.532 


1.881 


1.133 


0.883 


62 


29 


0.485 


2.063 


0.554 


1.804 


1.143 J 

* 


0.875 ' 


61 


30^ 


0.500 


2.000 


0.577 


1.732 


1.155v 


0.866 


60^ 


31 


0.515 


1.942 


0.601 


1.664 


1.167 


0.857 


59 


32 


0.530 


1.887 


0.625 


1.600 


1.179 


0.848 


58 


33 


0.545 


1.836 


0.649 


1.540 


1.192 


0.839 


57 


34 


0.559 


1.788 


0.675 


1.483 


1.206 


0.829 


56 


35° 


0.574 


1.743 


0.700 


1.428 


1.221 


0.819 


55° 


36 


0.588 


1.701 


0.727 


1.376 


1.236 


0.809 


54 


37 


0.602 


1.662 


0.754 


1.327 


1.252 


0.799 


53 


38 


0.616 


1.624 


0.781 


1.280 


1.269 


0.788 


52 


39 


0.629 


1.589 


0.810 


1.235 


1.287 


0.777 


51 


40° 


0.643 


1.556 


0.839 


1.192 


1.305 


0.766 


50° 


41 


0.656 


1.524 


0.869 


1.150 


1.325 


0.755 


49 


42 


0.669 


1.494 


0.900 


1.111 


1.346 


0.743 


48 


43 


0.682 


1.466 


0.933 


1.072 


1.367 


0.731 


47 


44 


0.695 


1.440 


0.966 


1.036 


1.390 


0.719 


46 


45° 


0.707 


1.414 


1.000 


1.000 


1.414 


0.707 


45° 




Cos. 


DCC* 


Ctn. 


Tan. 


Csc. 


Sin. 


Angle. 
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TABLES. 

Logarithnuk 



N 


12 


8 


4 6 


6 


7 


8 9 


P.P. 

1. 2- 3. 4- 5 


lO 


0000 0043 0086 


0128 


0170 


0212 


0263 


0294 0334 0374 


4. 8.12.17.21 


11 


0414 0463 0492 


0531 


0669 


0607 


0646 


0682 


0719 0765 


4 8.11.16.19 


12 


0792 0828 0864 


0899 


0934 


0969 


1004 


1038 


1072 1106 


3. 7.101417 


13 


1139 1173 1206 


1239 


1271 


1303 


1335 


1367 


1399 1430 


3- 61013.16 


14 
1ft 


1461 1492 1623' 


1553 


1584 


1614 1644 


1673 


1703 1732 


3. 6. 9.12. 15 


1761 1790 1818 


1847 


1875 


1903 


1931 


1969 


1987 2014 


3. 6. 811.14 


16 


2041 2068 2096 


2122 


2148 


2175 


2201 


2227 


2253 2279 


3. 6. 811 13 


17 


2304 2330 2355 


2380 


2405 


2430 2455 


2480 


2504 2529 


2. 6. 7.1012 


18 


2663 2677 2601 


2625 


2648 


2672 


2696 


2718 


2742 276G 


2. 5. 7. 9. 12 


19 
80 


2788 2810 2833 


2856 


2878 


2900 


2923 


2945 


2967 2989 


2- 4. 7. 9 11 


3010 3032 3064 


3076 


3096 


3118 


3139 


3160 3181 3201 


2. 4. 6. 8 11 


21 


3222 3243 3263 


3284 


3304 


3324 


3346 


3365 


3385 3404 


2. 4. 6. 810 


22 


3424 3444 3464 


3483 


3502 


3522 


3641 


3560 


3579 3598 


2. 4. 6. 810 


23 


3617 3636 3666 


3674 3692 


3711 


3729 


3747 


3766 3784 


2- 4. 5. 7. 9 


24 
2ft 


3802 3820 3838 


3866 


3874 


3892 


3909 


3927 


3945 3962 


2. 4. 6. 7. 9 


3979 3997 4014 4031 


4048 


4065 


4082 


4099 


4110 4133 


2 3. 6. 7. 9 


26 


4150 4166 4183 4200 4216 | 


4232 


4249 


4265 


4281 4298 


2 3- «. 7- 8 


27 


4314 4330 4346 4362 


4378 


4398 


4409 


4425 


4440 4456 


2. 3. 5. 6. 8 


28 


4472 4487 4502 


4618 


4533 


4548 


4564 4579 


4594 4609 


2. 3- 5. 6- 8 


29 
80 


4624 4639 4654 4669 


4683 


4698 


4713 


4728 


4742 4757 


1. 3. 4. 6. 7 


4771 4786 4800 4814 4829 


4843 


4857 


4871 


4886 4900 


1. 3. 4. 6. 7 


31 


4914 4928 4942 


4955 


4969 


4983 


4997 


5011 


5024 5038 


1. 3. 4. 6. 7 


32 


6051 5066 5079 


6092 


5105 


5119 


5132 


6145 


5159 5172 


1. 3. 4- 5- 7 


33 


6185 5198 5211 


5224 


.5237 


5250 


6263 


5276 


5289 6302 


1. 3. 4. 5. 6 


34 
8ft 


5315 5328 5340 


5353 


5366 


5378 


5391 


5403 


5416 5428 


1- 3. 4. 6. 6 


5441 5453 5466 


5478 


6490 


5502 


6614 6627 


6639 6651 


1. 2. 4- 5. 6 


36 


6563 6575 5587 


6599 


5611 


5623 


6636 


5647 


5668 5670 


1. 2. 4. 0. 6 


37 


5682 6694 6706 


6717 


5729 


5740 


6752 


5763 


5775 5786 


1 2. 3. 6. 6 


88 


6798 5809 5821 


5832 


6843 


5855 


5866 


5877 


5888 5899 


1. 2- 8. 6. 6 


39 
40 


5911 5922 5933 


5944 


5955 


6966 


5977 


5988 


5999 6010 


1. 2. 3. 4 6 


6021 6031 6042 


6053 


6064 


6076 


6085 


6096 


6107 6117 


1. 2. 3. 4. 5 


41 


6128 6138 6149 


6160 


6170 


6180 


6191 


6201 


6212 6222 


1. 2. 3. 4. 6 


42 


6232 6243 6253 


6263 


6274 


6284 


6294 


6304 


6314 6325 


1. 2. 8. 4. 6 


43 


6335 6345 6356 


6365 


6375 


6385 


6396 


6405 


6416 6425 


1. 2. 8. 4. 


44 
4ft 


6435 6444 6454 


6464 


6474 


6484 


6493 


6603 


6513 6622 


1. 2. 8. 4. 5 


6532 6542 6551 


6561 


6571 


658Q 6590 6599 6609 6618 


1. 2. 8* 4. 5 


46 


6628 6687 6646 


6656 


6665 


6675 


6684 


6693 


6702 6712 


1 2. 3. 4. 6 


47 


6721 6730 6739 


6749 


6758 


6767 


6776 


6785 


6794 6803 


1. 2- 3. 4. 6 


48 


6812 6821 6830 


6839 


6848 


6857 


6866 


6876 


6884 6893 


1. 2.. 8' 4. 4 


49 
ftO 


6902 6911 6920 


6928 


6937 


6946 


6965 


6964 


6972 6981 


1. 2. 3. 4. 4 


6990 6998 7007 


7016 7024 


7033 


7042 


7050 


7059 7067 


1. 2. 3. 3. 4 


61 


7076 7084 7093 7101 


7110 


7118 


7126 7136 


7143 7152 


1. 2. 8. 3. 4 


62 


7160 7168 7177 


7186 


7198 


7202 


7210 


7218 


7226 7235 


1. 2. 2. 3- 4 


68 


7248 7251 7259 


7267 


7275 


7284 


7292 


7300 


7308 7316 


1. 2. 2' 3. 4 


64 


7324 7332 7340 7348 


7356 


7364 7372 


7380 


7388 7396 1.2.8.8.4|| 



NoTK. — This page and the three that follow it are taken from the Mathematical 
Tables of Prof. J. M. Peiroe, published by Messrs. Ginn & Go. 
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N 


1 


2 


8 


4 5 


6 


7 


8 


9 


P.P. 

1. 2. 3. 4. 5 


55 


7404 7412 


7419 


7427 


7435 


7443 


7451 


7459 


7466 


7474 


1. 2. 2. 3- 4 


66 


7482 7490 7497 7605 7513 


7520 


7528 


7636 


7543 


7651 


1- 2. 2> 3. 4 


57 


7659 7566 


7574 7682 


7689 


7597 


7604 7612 


7619 


7627 


1. 2. 2. 3. 4 


58 


7634 7642 7649 


7657 


7664' 


7672 


7679 7686 7694 7701 


1. 1. 2. 3. 4 


59 
60 


7709 7716 


7723 


7731 


7738 


7745 


7752 


7760 


7767 


7774 


1- 1. 2. 3 4 


7782 7789 


7796 


7803 


7810 


7818 


7825 


7832 


7839 


7846 


1. 1. 2. 3. 4 


61 


7853 7860 7868 


7875 


7882 


7889 


7896 


7903 


7910 


7917 


1. 1. 2. 3 4 


62 


7924 7931 


7938 


7945 


7952 


7959 


7966 


7973 


7980 7987 1 


1 1. 2. 3. 3 


63 


7993 8000 


8007 


8014 


8021 


8028 


8035 


8041 


8048 


8055 


1- 1. 2. 3. 3 


64 
65 


8062 8069 


8075 


8082 


8089 


8096 


8102 


8109 


8116 


8122 


1. 1. 2. 3. 3 


8129 8136 


8142 


8149 


8156 


8162 


8169 


8176 


8182 


8189 


1. 1. 2. 3. 3 


66 


8195 8202 


8209 


8215 


8222 


8228 


8235 


8241 


8248 


8254 


1. 1. 2. 3. 3 


67 


8261-8267 


8274 8280 


8287 


8293 


8299 


8306 


8312 


8319 


1- 1. 2. 3. 3 


68 


8325 8331 


8338 


8344 


8351 


8357 


8363 


8370 


8376 


8382 


1- 1. 2. 3. 3 


69 
70 


8388 8395 


8401 


8407 


8414 


8420 


8426 


8432 


8439 


8445 


1. 1. 2. 3- 3 


8451 8457 


8463 


8470 


8476 


8482 


8488 


8494 


8500 


8506 


1. 1. 2. 2. 3 


71 


8513 8519 


8525 


8531 


8537 


8543 


8549 


8556 


8561 


8567 


1. 1. 2. 2. 3 


72 


8573 8579 


8585 


8591 


8597 


8603 


8609 


8615 


8621 


8627 


1. 1. 2- 2. 3 


73 


8633 8639 


8645 


8651 


8657 


8663 


8669 


8675 


8681 


8686 


1. 1. 2. 2 3 


74 
75 


8692 8698 


8704 


8710 


8716 


8722 


8727 


8733 


8739 


8745 


1. 1. 2 2. 3 


8751 8756 


8762 


8768 


8774 


8779 


8785 


8791 


8797 


8802 


1. 1. 2. 2. 3 


76 


8808 8814 


8820 


8825 


8831 


8837 


8842 


8848 


8864 


8859 


1. 1. 2. 2 3 


77 


8865 8871 


8876 


8882 


8887 


8893 


8899 


8904 


8910 


8916 


1. 1- 2. 2. 3 


78 


8921 8927 


8932 


8938 


8943 


8949 


8954 


8960 


8965 


8971 


1. 1. 2. 2. 3 


79 
80 


8976 8982 


8987 


8993 


8998 


9004 


9009 


9015 


9020 9025 1 


1. 1. 2. 2. 3 


9031 9036 


9042 


9047 


9053 


9058 


9063 


9069 


9074 


9079 


1. 1. 2. 2. 3 


81 


9085 9090 


9096 


9101 


9106 


9112 


9117 


9122 


9128 


9133 


1. 1. 2. 2. 3 


82 


9138 9143 


9149 


9154 9159 1 


9165 


9170 9176 


9180 9186 1 


1. 1. 2. 2 3 


83 


9191 9196 


9201 


9206 


9212 


9217 


9222 


9227 


9232 


9238 


1. 1. 2. 2. 3 


84 
85 


9243 9248 


9253 


9258 


9263 


9269 


9274 9279 


9284 


9289 


1. 1. 2. 2. 3 


9294 9299 


9304 


9309 


9315 


9320 


9325 


9330 


9336 


9340 


1. 1. 2 2. 3 


86 


9345 9350 


9355 


9360 


9365 


9370 


9375 


9380 


9385 


9390 


1. 1. 2- 2. 3 


87 


9395 9400 


9405 


9410 


9415 


9420 


9425 


9430 


9435 


9440 


0- 1. 1. 2. 2 


88 


9445 9450 


9455 


9460 


9465 


9469 


9474 9479 


9484 


9489 


0. 1. 1. 2- 2 


89 
OO 


9494 9499 


9504 


9509 


9513 


9518 


9523 


9528 


9633 


9538 


0. 1. 1. 2. 2 


9542 9547 


9552 


9557 


9662 


9566 


9571 


9576 


9581 


9686 


0- 1. 1. 2- 2 


91 


9590 9595 


9600 9605 


9609 


9614 


9619 


9624 


9628 


9633 


0. 1. 1. 2. 2 


92 


9638 9643 


9647 


9652 


9657 


9661 


9666 


9671 


9675 


9680 


0- 1. 1. 2. 2 


93 


9685 9689 


9694 9699 


9703 


9708 


9713 


9717 


9722 


9727 


0. 1. 1. 2. 2 


94 
95 


9731 9736 


9741 


9745 


9750 


9754 9759 


9763 


9768 


9773 


1. 1. 2. 2 


9777 9782 


9786 


9791 


9795 


9800 


9805 


9809 


9814 


9818 


0. 1- 1. 2. 2 


96 


9823 9827 


9832 


9836 


9841 


9846 


9850 


9854 


9859 


9863 


0. 1- 1. 2. 2 


97 


9868 9872 


9877 


9881 


9886 


9890 


9894 


9899 


9903 


9908 


0. 1. 1. 2. 2 


98 


9912 9917 


9921 


9926 


9930 


9934 


9939 


9943 


9948 


9952 


1. 1. 2. 2 


99 


9956 9961 


9965 


9969 


9974 


9978 


9983 


9987 


9991 


9996 


0- 1. 1. 2. 2 1 



log IT =0.49715 -. 



log e= 0.43429 +. 
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TABLES. 

Logaritlmi& 



N 





1 


2 


8 


4 6 


6 


7 


8 


9 10 


lOO 


0000 


0004 0009 


0013 


0017 


0022 


0026 


OOSO 


0035 


0039 


0043 


101 


0043 


0048 


0062 


0056 


0060 


0065 


0069 


0073 


0077 


0082 


0086 


102 


0986 


0090 


0095 


0099 


0103 


0107 


0111 


0116 


0120 0124 


0128 


103 


0128 


0133 


0137 


0141 


0145 


0149 


0154 0168 


0162 


0166 


0170 


104 
105 


0170 


0175 


0179 


0183 


0187 


0191 


0195 


0199 


0204 


0208 


0212 


0212 


0216 


0220 


0224 


0228 


0233 


0237 


0241 


0245 


0249 


0253 


108 


0253 


0257 


0261 


0265 


0269 


0273 


0278 


0282 


0286 


0290 


0294 


107 


0294 


0298 


0302 


0306 


0310 


0314 


0318 


0322 


0326 


0330 


0334 


108 


0334 


0338 


0342 


0346 


0350 


0354 0358 


0362 


0366 


0370 


0374 


109 
llO 


0374 


0378 


0382 


0386 


0390 


0394 0398 


0402 


0406 


0410 


0414 


0414 


0418 


0422 


0426 


0430 


0434 0438 


0441 


0445 


0449 


0453 


111 


0153 


0457 


0461 


0465 


0469 


0473 


0477 


0481 


0484 0488 


0492 


112 


0492 


0496 


0500 


0504 


0508 


0512 


0515 


0519 


0523 


0527 


0531 


113 


0531 


0535 


0538 


0542 


0546 


0550 


0554 0558 


0561 


0565 


0569 


114 
115 


0569 


0573 


0577 


0580 


0584 


0588 


0592 


0596 


0599 


0603 


0607 


0607 


0611 


0615 


0618 


0622 


0626 


0630 


0633 0637 


0641 


0645 


116 


0645 


0648 


0652 


0656 


0660 


0663 


0667 


0671 


0674 0678 


0682 


117 


0682 


0686 


0689 


0693 


0697 


0700 


0704 0708 


0711 


0715 


0719 


118 


0719 


0722 


0726 


0730 


0734 


0737 


0741 


0746 


0748 


0752 


0755 


119 
120 


0755 


0759 


0763 


0766 


0770 


0774 


0777 


0781 


0785 


0788 


0792 


0792 


0795 


0799 


0803 


0806 


0810 


0813 


0817 


0821 


0824 


0828 


121 


0828 


0831 


0835 


0839 


0842 


0846 


0849 


0853 0856 0860 1 


0864 


122 


0864 


0867 


0871 


0874 


0878 


0881 


0885 


0888 


0892 


0896 


0899 


123 


0899 


0903 


0906 


0910 


0913 


0917 


0920 


0924 0927 


0931 


0984 


124 
125 


0934 


0938 


0941 


0945 


0948 


0952 


0955 


0959 


0962 


0966 


0969 


0969 


0973 


0976 


0980 


0983 


0986 


0990 


0993 


0997 


1000 


1004 


126 


1004 


1007 


1011 


1014 


1017 


1021 


1024 


1028 


1031 


1035 


1038 


127 


1038 


1041 


1045 


1048 


1052 


1055 


1059 


1062 


1065 


1069 


1072 


128 


1072 


1075 


1079 


1082 


1086 


1089 


1092 


1096 


1099 


1103 


1106 


129 
130 


1106 


1109 


1113 


1116 


1119 


1123 


1126 


1129 


1133 


1136 


1139 


1139 


1143 


1146 


1149 


1153 


1156 


1150^ 1163 


1166 


1169 


1173 


131 


1173 


1176 


1179 


1183 


1186 


1189 


1193 


1196 


1199 


1202 


1206 


132 


1206 


1209 


1212 


1216 


1219 


1222 


1225 


1229 


1232 


1235 


1239 


133 


1239 


1242 


1245 


1248 


1252 


1255 


1258 


1261 


1265 


1268 


1271 


134 
135 


1271 


1274 


1278 


1281 


1284 


1287 


1290 


1294 


1297 


1300 


1303 


1303 


1307 


1310 


1313 


1316 


1319 


1323 


1326 


1329 


1332 


1335 


136 


1335 


1339 


1342 


1345 


1348 


1351 


1355 


1358 


1361 


1364 


1367 


137 


1367 


1370 


1374 


1377 


1380 


1383 


1386 


1389 


1392 


1396 


1399 


138 


1399 


1402 


1405 


1408 


1411 


1414 


1418 


1421 


1424 1427 1 


1430 


139 
140 


1430 


1433 


1436 


1440 


1443 


1446 


1449 


1452 


1455 


1458 


1461 


1461 


1464 


1467 


1471 


1474 


1477 


1480 


1483 


1486 


1489 


1492 


141 


1492 


1495 


1498 


ICOl 


1504 


1508 


1511 


1514 


1517 


1520 


1623 


142 


1523 


1526 


1529 


15?2 


1535 


1538 


1541 


1544 


1547 


1550 


1553 


143 


1553 


1556 


1559 


1562 


1565 


1569 


1572 


1575 


1578 


1581 


1584 


144 
145 


1584 


1587 


1590 


1593 


1596 


1599 


1602 


1605 


1608 


1611 


1614 


1614 


1617 


1620 


1623 


1626 


1629 


1632 


1635 


1638 


1641 


1644 


146 


1644 


1647 1649 


1652 


1655 


1658 


1661 


1664 


1667 


1670 


1673 


147 


1678 


1676 


1679 


1682 


1685 


1688 


1691 


1694 


1697 


1700 


1703 


148 


1703 


1706 


1708 


1711 


1714 


1717 


1720 


1723 


1726 


1729 


1732 


149 


1732 


1735 


1738 


1741 


1744 


1746 


1749 


1762 


1755 


1758 


1761 
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Logarithma 



N 





1 


2 


3 


4 6 


6 7 8 


9 10 


150 


1761 


1764 1767 


1770 1772 


1775 


1778 1781 1784 


1787 


1790 


151 


1790 


1793 


1796 


1798 


1801 


1804 


1807 1810 1813 


1816 


1818 


152 


1818 


1821 


1824 


1827 


1830 


1833 


1836 1838 1841 


1844 


1847 


153 


1847 


1850 


1863 


1855 


1858 


1861 


1864 1867 1870 


1872 


1875 


154 
155 


1875 


1878 


1881 


1884 


1886 


1889 


1892 1895 1898 


1901 


1903 


1903 


1906 


1909 


1912 


1915 


1917 


1920 1923 1926 


1928 


1931 


156 


1931 


1934 1937 


1940 


1942 


1945 


1948 1961 1953 


1956 


19C9 


157 


1959 


1962 


1965 


1967 


1970 


1973 


1976 1978 1981 


1984 


1987 


158 


1987 


1989 


1992 


1995 


1998 


2000 2003 2006 2009 


2011 


2014 


159 
160 


2014 


2017 


2019 


2022 


2025 


2028 


2030 2033 2036 


2038 


2041 


2041 


2044 


2047 


2049 


2052 


2055 


2057 2060 2063 


2066 


2068 


161 


2068 


2071 


2074 


2076 


2079 


2082 


2084 2087 2090 


2092 


2095 


162 


2095 


2098 


2101 


2103 


2106 


2109 


2111 2114 2117 


2119 


2122 


163 


2122 


2125 


2127 


2130 2133 


2135 2138 2140 2143 2146 


2148 


164 
165 


2148 


2151 


2164 2156 


2159 


2162 


2164 2167 2170 


2172 


2175 


2175 


2177 


2180 


2183 


2185 


2188 


2191 2193 2196 


2198 


2201 


166 


2201 


2204 2206 


2209 


2212 


2214 


2217 2219 2222 


2225 


2227 


167 


2227 


2230 


2232 


2236 


2238 


2240 


2243 2245 2248 


2261 


2253 


168 


2253 


2256 


2258 


2261 


2263 


2266 


2269 2271 2274 2276 


2279 


169 
170 


2279 


2281 


2284 


2287 


2289 
2315 


2292 


2294 2297 2299 


2302 


2304 


2304 2307 


2310 


2312 


2317 


2320 2322 2326 


2327 


2330 


171 


2380 2333 


2335 


2338 


2340 


2343 


2346 2348 2350 


2353 


2355 


172 


2355 


2358 


2360 


2363 


236b 


2368 


2370 2373 2375 


2378 


2380 


173 


2380 


2383 


2386 


2388 


2390 


2393 


2395 2398 2400 


2403 


2406 


174 
175 


2405 


2408 


2410 


2413 


2415 


2418 


2420 2423 2425 


2428 


2430 


2430 2433 


2435 


2438 


2440 


2443 


2446 2448 2450 


2453 


2455 


176 


2456 


2458 


2460 


2463 


2466 


2467 


2470 2472 2475 


2477 


2480 


177 


2480 


2482 


2485 


2487 


2490 


2492 


2494 2497 2499 


2502 


2504 


178 


2504 2507 


2509 


2512 


2514 


2516 


2519 2521 2524 


2526 


2529 


179 
180 


2529 


2531 


2533 


2536 


2538 


2541 


2543 2645 2548 


2550 


2553 


2553 


2565 


2568 


2560 


2562 


2566 


2567 2570 2572 


2574 


2577 


181 


2577 


2579 


2582 


2584 


2586 


2589 


2591 2594 2596 


2598 


2601 


182 


2601 


2603 


2605 


2608 


2610 


2613 26ia 2617 2620 


2622 


2625 


183 


2625 


2627 


2629 


2632 


2634 


2636 


2639 2641 2643 


2646 


2648 


184 
185 


2648 


2651 


2653 


2656 


2658 


2660 


2662 2665 2667 


2669 


2672 


2672 


2674 


2676 


2679 


2681 


2683 


2686 2688 2690 


2693 


2695 


186 


2695 


2697 


2700 


2702 


2704 


2707 


2709 2711 2714 


2716 


2718 


187 


2718 


2721 


2723 


2725 


2728 


2730 


2732 2735 2737 


2739 


2742 


188 


2742 


2744 


2746 


2749 


2751 


2753 


2756 2758 2760 


2762 


2765 


189 
190 


2765 


2767 


2769 


2772 


2774 


2776 


2778 2781 2783 


2785 


2788 


2788 


2790 


2792 


2794 2797 


2799 


2801 2804 2806 


2808 


2810 


191 


2810 2813 


2815 


2817 


2819 


2822 


2824 2826 2828 


2831 


2833 


192 


2833 


2835 


2838 


2840 


2842 


2844 


2847 2849 2851 


2853 


2856 


193 


2856 


2858 


2860 


2862 


2865 


2867 


2869 2871 2874 


2876 


2878 


194 
195 


2878 


2880 2882 


2885 


2887 


2889 


2891 2894 2896 


2898 


2900 


2900 


2903 


2905 


2907 


2909 


2911 


2914 2916 2918 


2920 


2923 


196 


2923 


2925 


2927 


2929 


2931 


2934 


2936 2938 2940 


2942 


2945 


197 


2945 


2947 


2949 


2951 


2953 


2956 


2958 2960 2962 


2964 


2967 


198 


2967 


2969 


2971 


2973 


2975 


2978 


2980 2982 2984 


2986 


2989 


199 


2989 


2991 


2993 


2996 


2997 


2999 


3002 3004 3006 


3008 


3010 
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Trigonometric Functions. 



RADIANS. 



0.0000 
0.0029 
0.0058 
0.0087 
0.0116 
0.0145 

0.0175 
0.0204 
0.0233 
0.0262 
0.0291 
0.0320 

0.0349 
0.0378 
0.0407 
0.0436 
0.0465 
0.0495 

0.0524 
0.0553 
0.0582 
0.0611 
0.0640 
0.0669 

0.0698 
0.0727 
0.0756 
0.0785 
0.0814 
0.0844 

0.0873 
0.0902 
0.0931 
0.0960 
0.0989 
0.1018 

0.1047 
0.1076 
0.1105 
0.1134 
0.1164 
0.1193 

0.1222 
0.1251 
0.1280 
0.1309 
0.1338 
0.1367 

0.1396 
0.1425 
0.1454 
0.1484 
0.1513 
0.1542 

0.1571 



DBGRBBS. 



O'OO' 
10 
20 
30 
40 
50 

POO' 
10 
20 
30 
40 
50 

2°00' 
10 
20 
30 
40 
50 

3° 00' 
10 
20 
30 

~^ 40 
50 

4° 00' 
10 
20 
30 
40 
50 

5° 00' 
10 

' 20 

30 

40 

"50 

6° 00' 
10 
20 
30 
40 
50 

7° 00' 
10 
20 
30 
40 
50 

8° 00' 
10 
20 
30 
40 
50 

9° 00' 



SINKS. 



Nat. 
0000 
0029 
0058 
0087 
0116 
0145 



Log. 

00 

7.4637 
.7648 
.9408 

8.0658 
.1627 



0175 8.2419 
0204 3088 
0233 .3668 
0262 .4179 
0291 .4637 
0320 .5050 



0349 
0378 
0407 
0436 
0465 
0494 

0523 
0552 
0581 
0610 
0640 
0669 

0698 
0727 
0756 
0785 
0814 
0843 

0872 
0901 
0929 
0958 
0987 
1016 

1045 
1074 
1103 
1132 
1161 
1190 

1219 
1248 
1276 
1305 
1334 
1363 



8.5428 
.5776 
.6097 
.6397 
.6677 
.6940 

8.7188 
.7423 
.7645 
.7857 
.8059 
.8251 

8.8436 
.8613 
.8783 
.8946 
.9104 
.9256 

8.9403 
.9545 
.9682 
.9816 
.9945 

9.0070 

9.0192 
.0311 
.0426 
.0539 
.0648 
.0755 

9.0859 
.0961 
.1060 
.1157 
.1252 
.1345 



1392 9.1436 
1421 .1525 
1449 .1612 
1478 .1697 
1507 .1781 
1536 .1863 

1564 9.1943 

Nat. Log. 



COSINES. 



COSINES. 



Nat. 
1.0000 
0000 
0000 
0000 
9999 
9999 

9998 
9998 
9997 
9997 
99% 
9995 

9994 
9993 
9992 
9990 
9989 
9988 

9986 
9985 
9983 
9981 
9980 
9978 

9976 
9974 
9971 
9969 
9%7 
9964 

9%2 
9959 
9957 
9954 
9951 
9948 

9945 
9942 
9939 
9936 
9932 
9929 

9925 
9922 
9918 
9914 
9911 
9907 



Log. 
0.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

9.9999 
.9999 
.9999 
.9999 
.9998 
.9998 

9.9997 
.9997 
.99% 
.99% 
.9995 
.9995 

9.9994 
.9993 
.9993 
.9992 
.9991 
.9990 

9.9989 
.9989 
.9988 
.9987 
.9986 
.9985 

9.9983 
.9982 
.9981 
.9980 
.9979 
.9977 

9.9976 
.9975 
.9973 
.9972 
.9971 
.9969 

9.9968 
.9966 
.9964 
.9963 
.9%1 
.9959 



9903 9.9958 
9899 .9956 
9894 .9954 
9890 .9952 
9886 .9950 
9881 .9948 

9877 9.9946 

Nat. Log. 



SINES. 



TANGENTS. 



Log. 

00 

7.4637 
.7648 
.9409 

8.0658 
.1627 

8.2419 
.3089 
.3669 
.4181 
.4638 
.5053 



Nat. 

0000 
0029 
0058 
0087 
0116 
0145 

0175 
0204 
0233 
0262 
0291 
0320 

0349 8.5431 
0378 .5779 
0407 .6101 
0437 .6401 
0466 .6682 
0495 .6945 

0524 8.7194 
0553 .7429 
0582 .7652 
0612 .7865 
0641 .8067 
0670 .8261 

0699 8.8446 
0729 .8624 
0758 .8795 
0787 .8960 
0816 .9118 
0846 .9272 

0875 8.9420 
0904 .9563 
0934 .9701 
0963 .9836 
0992 .9966 
1022 9.0093 

1051 9.0216 
1080 .0336 
1110 .0453 
1139 .0567 
1169 .0678 
1198 .0786 

1228 9.0891 
1257 .0995 
1287 .1096 
1317 .1194 
1346 .1291 
1376 .1385 

1405 9.1478 
1435 .1569 
1465 .1658 
1495 .1745 
1524 .1831 
1554 .1915 

1584 9.1997 

Nat. Log. 



COTANGENTS. 



COTANGENTS. 



Nat. 

00 

343.77 
171.89 
114.59 
85.940 
68.750 

57.290 
49.104 
42.964 
38.188 
34.368 
31.242 

28.636 
26.432 
24.542 
22.904 
21.470 
20.206 

19.081 
18.075 
17.169 
16.350 
15.605 
14.924 

14.301 
13.727 
13.197 
12.706 
12.251 
11.826 

11.430 
1 1.059 
10.712 
10.385 
10.078 
9.7882 

9.5144 
9.2553 
9.0098 
8.7769 
8.5555 
8.3450 

8.1443 
7.9530 
7.7704 
7.5958 
7.4287 
7.2687 

7.1154 
6.9682 
6.8269 
6.6912 
6.5606 
6.4348 



Log. 

00 

2.5363 
.2352 
.0591 

1.9342 
.8373 

1.7581 
.6911 
.6331 
.5819 
.5362 
.4947 

1.4569 
.4221 
.3899 
.3599 
.3318 
.3055 

3.2806 
.2571 
.2348 
.2135 
.1933 
.1739 

1.1554 
.1376 
.1205 
.1040 
.0882 
.0728 

1.0580 
.0437 
.0299 
.0164 
.0034 

0.9907 

0.9784 
.9664 
.9547 
.9433 
.9322 
.9214 

0.9109 
.9005 
.8904 
.8806 
.8709 
.8615 

0.8522 
.8431 
.8342 
.8255 
.8169 
.8085 



6.3138 0.8003 
Nat. Log. 



TANGENTS. 



90° 00' 
50 
40 
30 
20 
10 

89° 00' 
50 
40 
30 
20 
10 

88^00' 
50 
40 
30 
20 
10 

87° 00' 
50 
40 
30 
20 
10 

86° 00' 
50 
40 
30 
20 
10 

85° 00' 
50 
40 
30 
20 
10 

84° 00' 
50 
40 
30 
20 
10 

83° 00' 
SO 
40 
30 
20 
10 

82° 00' 
50 
40 
30 
20 
10 

81° 00' 



DEGREES. 



.5708 
.5679. 
.5650 
.5621 
.5592 
.5563 

.5533 
.5504 
.5475 
.5446 
.5417 
.5388 

.5359 
.5330 
.5301 
.5272 
.5243 
.5213 

.5184 
.5155 
.5126 
.5097 
.5068 
.5039 

.5010 
.4981 
.4952 
.4923 
.4893 
.4864 

.4835 
.4806 
.4777 
.4748 
.4719 
.4690 

.4661 
.4632 
.4603 
.4574 
.4544 
.4515 

.4486 
.4457 
.4428 
.4399 
.4370 
.4341 

.4312 
.4283 
.4254 
.4224 
.4195 
.4166 

.4137 



RADIANS. 



TABLES. 
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Trigonometric Functions. 





MADIANS. 


DBGRBBS. 


SINBS. 


COSXNSS. 


TANGENTS. 


COTANGENTS. 










Nat. Log. 


Nat. Log. 


Nat. Log. 


Nat. Log. 








0.1571 


9^00' 


.1564 9.1943 


.9877 9.9946 


.1584 9.1997 


6.3138 0.8003 


81° 00' 


1.4137 




0.1600 


10 


.1593 .2022 


.9872 .9944 


.1614 .2078 


6.1970 .7922 


50 


1.4108 




• 0.1629 


20 


.1622 .2100 


.9868 .9942 


.1644 .2158 


6.0844 .7842 


40 


1.4079 


«■ 


0.1658 


30 


.1650 .2176 


.9863 .9940 


.1673 .2236 


5.9758 .7764 


30 


1.4050 




0.1687 


40 


.1679 .2251 


.9858 .9938 


.1703 .2313 


5.8708 .7687 


20 


1.4021 




0.1716 


50 


.1708 .2324 


.9853 .9936 


.1733 .2389 


5.7694 .7611 


10 


1.3992 




0.1745 


10* 00' 


.1736 9.2397 


.9848 9.9934 


.1763 9.2463 


5.6713 0.7537 


80° 00' 


1.3963 




0.1774 


10 


.1765 .2468 


.9843 .9931 


.1793 .2536 


5.5764 .7464 


50 


1.3934 




0.1804 


20 


.1794 .2538 


.9838 .9929 


.1823 .2609 


5.4845 .7391 


40 


1.3904 




0.1833 


30 


.1822 .2606 


.9833 .9927 


.1853 .2680 


5.3955 .7320 


30 


1.3875 




0.1862 


40 


.1851 .2674 


.9827 .9924 


.1883 .2750 


5.3093 .7250 


20 


1.3846 




0.1891 


50 


.1880 .2740 


.9822 .9922 


.1914 .2819 


5.2257 .7181 


10 


1.3817 




0.1920 


ll^'OO' 


.1908 9.2806 


.9816 9.9919 


.1944 9.2887 


5.1446 0.7113 


79° 00' 


1.3788 




0.1949 


10 


.1937 .2870 


.9811 .9917 


.1974 .2953 


5.0658 .7047 


50 


1.3759 




0.1978 


20 


.1965 .2934 


.9805 .9914 


.2004 .3020 


4.9894 .6980 


40 


1.3730 




0.2007 


30 


.1994 .2997 


.9799 .9912 


.2035 .3085 


4.9152 .6^15 


30 


1.3701 


- 


0.2036 


40 


.2022 .3058 


.9793 .9909 


.2065 .3149 


4.8430 ,6851 


20 


1.3672 




0.2065 


50 


.2051 .3119 


.9787 .9907 


.2095 .3212 


4.7729 .6788 


10 


1.3643 




0.2094 


12^00' 


.2079 9.3179 


.9781 9.9904 


.2126 9.3275 


4.7046 0.6725 


78° 00' 


1.3614 




0.2123 


10 


.2108 .3238 


.9775 .9901 


.2156 .3336 


4.6382 .6664 


50 


1.3584 




0.2153 


20 


.2136 .3296 


.9769 .9899 


.2186 .3397 


4.5736 .6603 


40 


1.3555 




0.2182 


30 


.2164 .3353 


.9763 .98% 


.2217 .3458 


4.5107 .6542 


30 


1.3526 




0.2211 


40 


.2193 .3410 


.9757 .9893 


.2247 .3517 


4.4494 .6483 


20 


1.3497 




0.2240 


50 


.2221 .3466 


.9750 .9890 


.2278 .3576 


4.3897 .6424 


10 


1.3468 




0.2269 


WW 


.2250 9.3521 


.9744 9.9887 


.2309 9.3634 


4.3315 0.6366 


77° 00' 


1.3439 




0.2298 


10 


.2278 .3575 


.9737 .9884 


.2339 .3691 


4.2747 .6309 


50 


1.3410 




0.2327 


20 


.2306 3629 


.9730 .9881 


.2370 .3748 


4.2193 .6252 


.40 


1.3381 




0.2356 


30 


.2334 .3682 


.9724 .9878 


.2401 .3804 


4.1653 .6196 


30 


1.3352 




0.2385 


40 


.2363 .3734 


.9717 .9875 


.2432 .3859 


4.1126 .6141 


20 


1.3323 




0.2414 


50 


.2391 .3786 


.9710 .9872 


.2462 .3914 


4.0611 .6086 


10 


1.3294 




0.2443 


14° OO' 


.2419 9.3837 


.9703 9.9869 


.2493 9.3968 


4.0108 0.6032 


76° 00' 


1.3265 




0.2473 


10 


.2447 .3887 


.9696 .9866 


.2524 .4021 


3.9617 .5979 


50 


1.3235 




0.2502 


20 


.2476 .3937 


.9689 .9863 


.2555 .4074 


3.9136 .5926 


40 


1.3206 




0.2531 


30 


.2504 .3986 


.9681 .9859 


.2586 .4127 


3.8667 .5873 


30 


1.3177 




0.2560 


40 


.2532 .4035 


.9674 .9856 


.2617 .4178 


3.8208 .5822 


20 


1.3148 




0.2589 


50 


.2560 .4083 


.9667 .9853 


.2648 .4230 


3.7760 .5770 


10 


1.3119 




0.2618 


15° OO' 


.2588 9.4130 


.9659 9.9849 


.2679 9.4281 


3.7321 05719 


75° 00' 


1.3090 




0.2647 


10 


.2616 .4177 


.9652 .9846 


.2711 .4331 


3.6891 .5669 


50 


1.3061 




0.2676 


20 


.2644 .4223 


.9644 .9843 


.2742 .4381 


3.6470 .5619 


40 


1.3032 




0.2705 


30 


.2672 .4269 


.9636 .9839 


.2773 .4430 


3.6059 .5570 


30 


1.3003 




0.2734 


40 


.2700 .4314 


.9628 .9836 


.2805 .4479 


3.5656 .5521 


20 


1.2974 




0.2763 


50 


.2728 .4359 


.9621 .9832 


.2836 .4527 


3.5261 .5473 


10 


1.2945 


r 


0.2793 


16^00' 


.2756 9.4403 


.9613 9.9828 


.2867 9.4575 


3.4874 0.5425 


74° 00' 


1.2915 




0.2822 


10 


.2784 .4447 


.9605 .9825 


.2899 .4622 


3.4495 .5378 


50 


1.2886 




0.2851 


20 


.2812 .4491 


.9596 .9821 


.2931 .4669 


3.4124 .5331 


40 


1.2857 




0.2880 


30 


.2840 .4533 


.9588 .9817 


.2962 .4716 


3.3759 .5284 


30 


1.2828 


. 


0.2909 


40 


.2868 .4576 


.9580 .9814 


.2994 .4762 


3.3402 .5238 


20 


1.2799 




0.2938 


50 


.2896 .4618 


.9572 .9810 


.3026 .4808 


3.3052 .5192 


10 


1.2770 




0.2%7 


17° OO' 


.2924 9.4659 


.9563 9.9806 


.3057 9.4853 


3.2709 0.5147 


73° 00' 


1.2741 




0.2996 


10 


.2952 .4700 


.9555 .9802 


.3089 .4898 


3.2371 .5102 


50 


1.2712 




0.3025 


20 


.2979 .4741 


.9546 .9798 


.3121 .4943 


3.2041 .5057 


40 


1.2683 




0.3054 


30 


.3007 .4781 


.9537 .979^ 


.3153 .4987 


3.1716 .5013 


30 


1.2654 




0.3083 


40 


.3035 :4821 


.9528 .9790 


.3185 .5031 


3.1397 .4969 


20 


1.2625 




0.3113 


50 


.3062 .4861 


.9520 .9786 


.3217 .5075 


3.1084 .4925 


10 


1.2595 


• 


0.3142 


18° OO' 


.3090 9.4900 

Nat. Log. 


.9511 9.9782 

Nat. Log. 


.3249 9.5118 
Nat. Log. 


3.0777 0.4882 

Nat. Log. 


72° 00' 


1.2566 
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Trigonometric Functions. 



RADIANS. 


DBGRRBS. 


SINES. 


COSINES. 


TANGENl-S. 


COTANGENT'S. 




■ . ■> 






Nat. Log. 


Nat. Log. 


Nat. Log. 


Nat. Log. 






0.3142 


18*^00' 


.3090 9.4900 


.9511 9.9782 


.3249 9.5118 


3.0777 0.4882 


72° OO' 


1.2566 


0.3171 


10 


.3118 .4939 


.9502 .9778 


.3281 .5161 


3.0475 .4839 


50 


1.2537 


0.3200 


20 


.3145 .4977 


.9492 .9774 


.3314 .5203 


3.0178 .4797 


40 


1.2508 


0.3229 


30 


.3173 .5015 


.9483 .9770 


.3346 .5245 


2.9887 .4755 


30 


1.2479 


0.3258 


40 


.3201 .5052 


.9474 .9765 


.3378 .5287 


2.9600 .4713 


20 


1.2450 


0.3287 


50 


.3228 .5090 


.9465 .9761 


.3411 .5329 


2.9319 .4671 


10 


1.2421 


0.3316 


19^00' 


.3256 9.5126 


.945^ 9.9757 


.3443 9.5370 


2.9042 0.4630 


71° OO' 


1.2392 


0.3345 


10 


.3283 .5163 


.9446 .9752 


.3476 .5411 


2.8770 .4589 


50 


1.2363 


0.3374 


20 


.3311 .5199 


.9436 .9748 


.3408 .5451 


2.8502 .4549 


40 


1.2334 


0.3403 


30 


.3338 .5235 


.9426 .9743 


.3541 .5491 


2.8239 .4509 


30 


1.2305 


0.3432 


40 


.3365 .5270 


.9417 .9739 


.3574 .5531 


2.7980 .4469 


20 


1.2275 


0.3462 


50 


.3393 .5306 


.9407 .9734 


.3607 .5571 


2.7725 .4429 


10 


1.2246 


0.3491 


20° OO' 


.3420 9.5341 


.9397 9.9730 


.3640 9.5611 


2.7475 0.4389 


70° 00' 


1.2217 


0.3520 


10 


.3448 .5375 


.9387 .9725 


.3673 .5650 


2.7228 .4350 


50 


1.2188 


0.3549 


20 


.3475 .5409 


.9377 .9721 


.3706 .5689 


2.6985 .4311 


40 


1.2159 


0.3578 


30 


.3502 .5443 


.9367 .9716 


.3739 .5727 


2.6746 .4273 


30 


1.2130 


0.3607 


40 


.3529 .5477 


.9356 .9711 


.3772 .5766 


2.6511 .4234 


20 


1.2101 


0.3636 


50 


.3557 .5510 


.9346 .9706 


.3805 .5804 


2.6279 .4196 


10 


1.2072 


0.3665 


21<>00' 


.3584 9.5543 


.9336 9.9702 


.3839 9.5842 


2.6051 0.4158 


69° OO' 


1.2043 


0.3694 


10 


.3611 .5576 


.9325 .%97 


.3872 .5879 


2.5826 .4121 


50 


1.2014 


0.3723 


20 


.3638 .5609 


.9315 .9692 


.3906 .5917 


2.5605 .4083 


40 


1.1985 


0.3752 


30 


.3665 .5641 


.9304 .9687 


.3939 .5954 


2.5386 .4046 


30 


1.1956 


0.3782 


40 


.3692 .5673 


.9293 .9682 


.3973 .5991 


2.5172 .4009 


20 


1.1926 


0.3811 


50 


.3719 .5704 


.9283 .%77 


.4006 .6028 


2.4960 .3972 


10 


1.1897 


0.3840 


22° OO' 


.3746 9.5736 


.9272 9.9672 


.4040 9.6064 


2.4751 0.3936 


68° 00' 


1.1868 


0.3869 


10 


.3773 .5767 


.9261 .9667 


.4074 .6100 


2.4545 .3900 


50 


1.1839 


0.3898 


20 


.3800 .5798 


.9250 .9661 


.4108 .6136 


2.4342 .3864 


40 


1.1810 


0.3927 


30 


.3827 .5828 


.9239 .%56 


.4142 .6172 


2.4142 .3828 


30 


1.1781 


0.3956 


40 


.3854 .5859 


.9228 .%51 


.4176 .6208 


2.3945 .3792 


20 


1.1752 


0.3985 


50 


.3881 .5889 


.9216 .9646 


.4210 .6243 


2.3750 .3757 


10 


1.1723 


0.4014 


23° OO' 


.3907 9.5919 


.9205 9.9640 


.4245 9.6279 


2.3559 0.3721 


67° OO' 


1.1694 


0.4043 


10 


.3934 .5948 


.9194 .%35 


.4279 .6314 


2.3369 .3686 


50 


1.1665 


0.4072 


20 


.3%1 .5978 


.9182 .9629 


.4314 .6348 


2.3183 .3652 


40 


1.1636 


0.4102 


30 


.3987 .6007 


.9171 .%24 


.4348 .6383 


2.2998 .3617 


. 30 


1.1606 


0.4131 


40 


.4014 .6036 


.9159 .9618 


.4383 .6417 


2.2817 .3583 


20 


1.1577 


0.4160 


50 


.4041 .6065 


.9147 .%13 


.4417 .6452 


2.2637 .3548 


10 


1.1548 


0.4189 


24° 00' 


.4067 9.6093 


.9135 9.9607 


.4452 9.6486 


2.2460 0.3514 


66° OO' 


1.1519 


0.4218 


10 


.4094 .6121 


.9124 .9602 


.4487 .6520 


2.2286 .3480 


50 


1.1490 


0.4247 


20 


.4120 .6149 


.9112 .9596 


.4522 .6553 


2.2113 .3447 


40 


1.1461 


0.4276 


30 


.4147 .6177 


.9100 .9590 


.4557 .6587 


2.1943 .3413 


30 


1.1432 


0.4305 


40 


.4173 .6205 


.9088 .9584 


.4592 .6620 


2.1775 .3380 


20 


1.1403 


0.4334 


50 


.4100 .6232 


.9075 .9579 


.4628 .6654 


2.1609 .3346 


10 


1.1374 


0.4363 


25° OO' 


.4226 9.6259 


.9063 9.9573 


.4663 9.6687 


2.1445 0.3313 


65° 00' 


1.1345 


0.4392 


10 


.4253 .6286 


.9051 .9567 


.4699 .6720 


2.1283 .3280 


50 


1.1316 


0.4422 


20 


.4279 .6313 


.9038 .9561 


.4.734 .6752 


2.1123 .3248 


40 


1.1286 


0.4451 


30 


.4305 .6340 


.9026 .9555 


.4770 .6785 


2.0965 .3215 


30 


1.1257 


0.4480 


40 


.4331 .6366 


.9013 .9549 


.4806 .6817 


2.0809 .3183 


20 


1.1228 


0.4509 


50 


.4358 .6392 


.9001 .9543 


.4841 .6850 


2.0655 .3150 


10 


1.1199 


0.4538 


26° 00' 


.4384 9.6418 


.8988 9.9537 


.4877 9.6882 


2.0503 0.3118 


64° 00' 


1.1170 


0.4567 


10 


.4410 .6444 


.8975 .9530 


.4913 .6914 


2.0353 .3086 


50 


1.1141 


* 0.4596 


20 


.4436 .6470 


.8%2 .9524 


.4950 .6946 


2.0204 .3054 


40 


1.1112 


0.4625 


30 


.4462 .6495 


.8949 .9518 


.4986 .6977 


2.0057 .3023 


30 


1.1083 


0.4654 


40 


".4488 .6521 


.^936 .9512 


.5022 .7009 


1.9912 .2991 


20 


1.1054 


0.4683 


50 


.4514 .6546 


.8923 .9505 


.5059 .7040 


1.9768 .2960 


10 


1.1025 


0.4712 


27° OO' 


.4540 9.6570 


.8910 9.9499 


.5095 9.7072 


1.9626 0.2928 


63° 00' 


1.0996 






Nat. Log. 


Nat. Log. 


Nat. Log. 


Nat. Log. 
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Trigonometric Functions. 



RADIANS. 


DBGRBBS. 


SINES. 


COSINBS. 


TANGEN're. 


COTANGENTS. 








0.4712 


27° OO' 


Nat. Log. 
.4540 9.6570 


Nat. Log. 
.8910 9.9499 


Nat. Log. 

.5095 9.7072 


Nat. Log. 
1.9626 0.2928 


63° OO' 


1.0996 




0.4741 


10 


.4566 .6595 


.8897 .^2 


.5132 .7103 


1.9486 .2897 


50 


1.0966 




0.4771 


20 


.4592 .6620 


.8884 .9486 


.5169 .7134 


1.9347 .2866 


40 


1.0937 




0.4800 


30 


.4617 .6644 


.8870 .9479 


.5206 ,7165 


1.9210 .2835 


30 


1.0908 


) 


0.4829 


40 


.4643 .6668 


.8857 .9473 


.5243 .7196 


1.9074 .2804 


20 


1.0879 


1 


0.4858 


50 


.4669 .6692 


.8843 .9466 


.5280 .7226 


1.8940 .2774 


10 


1.0850 




0.4887 


28° OO' 


.4695 9.6716 


.8829 9.9459 


.5317 9.7257 


1.8807 0.2743 


62° OO' 


1.0821 


( 


0.4916 


10 


.4720 .6740 


.8816 .9453 


.5354 .7287 


1.8676 ^713 


50 


1.0792 




0.4945 


20 


.4746 .6763 


.8802 .9446 


.5392 .7317 


1.8546 .2683 


40 


1.0763 




0.4974 


30 


.4772 .6787 


.8788 .9439 


.5430 .7348 


1.8418 .2652 


30 


1.0734 




0.5003 


40 


.4797 .6810 


.8774 .9432 


.5467 .7378 


1.8291 .2622 


20 


1.0705 


' /. ' ' ' / 


0.5032 


50 


.4823 .6833 


.8760 .9425 


.5505 .7408 


1.8165 .2592 


10 


1.0676 


, ^ ^ ^ 


0.5061 


29° OO' 


.4848 9.6856 


.8746 9.9418 


.5543 9.7438 


1.8040 0.2562 


61° OO' 


1.0647 


h ■- 


0.5091 


10 


.4874 .6878 


.8732 .9411 


.5581 .7467 


1.7917 .2533 


50 


1.0617 


1 , 


0.5120 


20 


.4899 .6901 


.8718 .9404 


.5619 .7497 


1.7796 .2503 


40 


1.0588 




0.5149 


30 


.4924 .6923 


.8704 .9397 


.5658 .7526 


1.7675 .2474 


30 


1.0559 




' 0.5178 


40 


.4950 .6946 


.8689 .9390 


.5696 .7556 


1.7556 .2444 


20 


1.0530 




0.5207 


50 


.4975 .6968 


.8675 .9383 


.5735 .7585 


1.7437 .2415 


10 


1.0501 




0.5236 


3a'00' 


.5000 9.6990 


.8660 9.9375 


.5774 9.7614 


1.7321 0.2386 


60° 00' 


1.0472 




0.5265 


10 


.5025' .7012 


.8646 .9368 


.5812 .7644 


1.7205 .2356 


50 


1.0443 




0.5294 


20 


.5050 .7033 


.8631 .9361 


.5851 .7673 


1.7090 .2327 


40 


1.0414 




0.5323 


30 


.5075 .7055 


.8616 .9353 


.5890 .7701 


1.6977 .2299 


30 


1.0385 




0.5352 


40 


.5100 .7076 


.8601 .9346 


.5930 .7730 


1.6864 .2270 


20 


1.0356 




0.5381 


50 


.5125 .7097 


.8587 .9338 


.5%9 .7759 


1.6753 .2241 


10 


1.0327 




0.5411 


31° OO' 


.5150 9.7118 


.8572 9.9331 


.6009 9.7788 


1.6643 0.2212 


59° 00' 


1.0297 




0.5440 


10 


.5175 .7139 


.8557 .9323 


.6048 .7816 


1.6534 .2184 


50 


1.0268 




0.5469 


20 


.5200 .7160 


.8542 .9315 


.6088 .7845 


1.6426 .2155 


40 


1.02 S9 




0.5498 


30 


.5225 .7181 


.8526 .9.308 


.6128 .7873 


1.6319 .2127 


30 


1.0210 




0.5527 


40 


.5250 .7201 


.8511 .9300 


.6168 .7902 


1.6212 .2098 


20 


1.0181 




0.5556 


50 


.5275 .7222 


.8496 .9292 


.6208 .7930 


1.6107 .2070 


10 


1.0152 




0.5585 


32° OO' 


.5299 9.7242 


.8480 9.9284 


.6249 9.7958 


1.6003 0.2042 


58° 00' 


1.0123 




0.5614 


10 


.5324 .7262 


.8465 .9276 


.6289 .7986 


1.5900 .2014 


50 


1.0094 




0.5643 


20 


.5348 .7282 


.8450 .9268 


.6330 .8014 


1.5798 .1986 


40 


1.0065 




0.5672 


30 


.5373 .7302 


.8434 .9260 


.6371 .8042 


1.5697 .1958 


30 


1.0036 




0.5701 


40 


.5398 .7322 


.8418 .9252 


.6412 .8070 


1.5597 .1930 


20 


1.0007 




0.5730 


50 


.5422 .7342 


.8403 .9244 


.6453 .8097 


1.5497 .1903 


10 


0.9977 




0.5760 


33° 00' 


.5446 9.7361 


.8387 9.9236 


.6494 9.8125 


1.5399 0.1875 


57° 00' 


0.9948 




0.5789 


10 


.5471 .7380 


.8371 .9228 


.6536 .8153 


1.5301 .1847 


50 


0.9919 




0.5818 


20 


.5495 .7400 


.8355 .9219 


.6577 .8180 


1.5204 .1820 


40 


0.9890 




0.5847 


30 


.5519 .7419 


.8339 .9211 


.6619 .8208 


1.5108 .1792 


30 


0.9861 




0.5876 


40 


.5544 .7438 


.8323 .9203 


.6661 .8235 


1.5013 .1765 


20 


0.9832 




0.5905 


50 


.5568 .7457 


.8307 .9194 


.6703 .8263 


1.4919 .1737 


10 


0.9803 




0.5934 


34° OO' 


.5592 9.7476 


.8290 9.9186 


.6745 9.8290 


1.4826 0.1710 


56° 00' 


0.9774 




0.5963 


10 


.5616 .7494 


.8274 .9177 


.6787 .8317 


1.4733 .1683 


50 


0.9745 




0.5992 


20 


.5640 .7513 


.8258 .9169 


.6830 .8344 


1.4641 .1656 


40 


0.9716 




0.6021 


30 


.5664 .7531 


.8241 .9160 


.6873 .8371 


1.4550 .1629 


30 


0.9687 




0.6050 


40 


.5688 .7550 


.8225 .9151 


.6916 .8398 


1.4460 .1602 


20 


0.9657 




0.6080 


50 


.5712 .7568 


.8208 .9142 


.6959 .8425 


1.4370 .1575 


10 


0.9628 




0.6109 


35° OO' 


.5736 9.7586 


.8192 9.9134 


.7002 9.8452 


1.4281 0.1548 


55° 00' 


0.9599 




0.6138 


10 


.5760 .7604 


.8175 .9125 


.7046 .8479 


1.4193 .1521 


50 


0.9570 




0.6167 


20 


.5783 .7622 


.8158 .9116 


.7089 .8506 


1.4106 .1494 


40 


0.9541 




0.61% 


30 


.5807 .7640 


.8141 .9107 


.7133 .8533 


1.4019 .1467 


30 


0.9512 




0.6225 


40 


.5831 .7657 


.8124 .9098 


.7177 .8559 


1.3934 .1441 


20 


0.9483 




0.6254 


50 


.5854 7675 


.8107 .9089 


.7221 .8586 


1.3848 .1414 


10 


0.9454 




0.6283 


36° OO' 


.5878 9.7692 
Nat. Log. 


.8090 9.9080 

Nat. Log. 


.7265 9.8613 
Nat. Log. 


1.3764 0.1387 

Nat. Log. 


54° 00' 


0.9425 
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TABLEa 



Trigonom«trio Functions. 



RADIANS. 


DBGRBBS. 


SINKS. 


GO6INS8. 


TANGBNTS. 


COTANGBHTS. 






0.6283 


36O00' 


NaL Log. 
.5878 9.7S2 


Nat. Log. 
.8090 9.9080 


Nat. Log. 

.7265 95613 


Nat. Log. 

1J764 0.1387 


54<»00' 


0.9425 


0.6312 


10 


.5901 .7710 


.8073 .9070 


.7310 .8639 


13680 .1361 


50 


0.9396 


0.6341 


20 


.5925 .7727 


.8056 .9061 


.7355 .8666 


1.3597 .1334 


40 


0.9367 


0.6370 


30 


.5948 .7744 


.8039 .9052 


.7400 .8692 


1.3514 .1308 


30 


0.9338 


0.6400 


40 


.5972 .7761 


.8021 .9042 


.7445 .8718 


1.3432 .1282 


20 


0.9308 


0.6429 


50 


.5995 .7778 


.8004 .9033 


.7490 .8745 


U351 .1255 


10 


0.9279 


0.6458 


37** OO' 


.6018 9.7795 


.7986 9.9023 


.7536 9.8771 


1.3270 0.1229 


53«00' 


0.9250 


0.6487 


10 


.6041 .7811 


.7969 .9014 


.7581 .8797 


1J190 .1203 


50 


0.9221 


0.6516 


20 


.6065 .7828 


.7951 .9004 


.7627 .8824 


1.3111 .1176 


40 


0.9192 


0.6545 


30 


.6088 .7844 


.7934 .8995 


.7673 .8850 


1.3032 .1150 


30 


0.9163 


0.6574 


40 


.6111 .7861 


.7916 .8985 


.7720 .8876 


1.2954 .1124 


20 


0.9134 


0.6603 


50 


.6134 .7877 


.7898 .8975 


.7766 .8902 


1.2876 .1098 


10 


0.9105 


0.6632 


38^00' 


.6157 9.7893 


.7880 9.8965 


.7813 9.8928 


1.2799 0.1072 


S2?(Xy 


0.9076 


0.6661 


10 


.6180 .7910 


.7862 .8955 


.7860 .8954 


1.2723 .1046 


50 


0.9047 


0.6690 


20 


.6202 .7926 


.7844 .8945 


.7907 .8980 


1.2647 .1020 


40 


0.9018 


0.6720 


30 


.6225 .7941 


.7826 .8935 


.7954 .9006 


1.2572 .0994 


30 


0.8988 


0.6749 


40 


.6248 .7957 


.7808 .8925 


.8002 .9032 


1.2497 .0968 


20 


0.8959 


0.6778 


50 


.6271 .7973 


.7790 .8915 


.8050 .9058 


1.2423 .0942 


10 


0.8930 


0.6807 


39^ OO' 


.6293 9.7989 


.7771 9.8905 


.8098 9.9084 


1.2349 0.0916 


5P00' 


0.8901 


0.6836 


10 


.6316 .8004 


.7753 .8895 


.8146 .9110 


1.2276 .0890 


50 


0.8872 


0.6865 


20 


.6338 .8020 


.7735 .8884 


.8195 .9135 


1.2203 .0865 


40 


0.8843 


0.6894 


30 


.6361 .8035 


.7716 .8874 


.8243 .9161 


1.2131 .0839 


30 


0.8814 


0.6923 


40 


.6383 .8050 


.7698 .8864 


.8292 .9187 


1.2059 .0813 


20 


0.8785 


0.6952 


50 


.6406 .8066 


.7679 .8853 


.8342 .9212 


1.1988 .0788 


10 


0.8756 


0.6981 


40* OO' 


.6428 9.8081 


.7660 9.8843 


.8391 9.9238 


1.1918: 0.0762 


50^00' 


0.8727 


0.7010 


10 


.6450 .8096 


.764^ .8832 


.8441 .9264 


14847 .0736 
1IW8 .0711 


- 50 


0.8698 


0.7039 


20 


.6472 .8111 


.7623 .8821 


.8491 .9289 


40 


0.8668 


0.7069 


30 


.6494 .8125 


.7604 .8810 


.8541 .9315 


1.1708 .0685 


30 


0.8639 


0.7098 


40 


.65.17 .8140 


.7585 .8800 


.8591 .9341 


1.1640 .0659 


20 


0.8610 


0.7127 


50 


.6539 .8155 


.7566 .8789 


.8642 ,9366 


1.1571 .0634 


10 


0.8581 


0.7156 


41^00^ 


.6561 9.8169 


.7547 9.8778 


.8693 9.9392 


1.1504 0.0608 


49*»00' 


0.8552 


0.7185 


10 


.6583 .8184 


.7528 .8767 


.8744 .9417 


1.1436 .0583 


50 


0.8523 


0.7214 


20 


.6604 .8198 


.7509 .8756 


.8796 .9443 


1.1369 .0557 


40 


0.8494 


0.7243 


30 


.6626 .8213 


.7490 .8745 


.8847 .9468 


1.1303 .0532 


30 


0.8465 


0.7272 


40 


.6648 .8227 


.7470 .8733 


.8899 .9494 


1.1237 .0506 


20 


0.8436 


0.7301 


50 


.6670 .8241 


.7451 .8722 


.8952 .9519 


1.1171 .0481 


10 


0.8407 


0.7330 


42*'00' 


.6691 9.8255 


.7431 9.8711 


.9004 9.9544 


1.1106 0.0456 


48° OO' 


0.8378 


0.7359 


10 


.6713 .8269 


.7412 .8699 


.9057 .9570 


1.1041 .0430 


50 


0.8348 


0.7389 


20 


.6734 .8283 


.7392 .8688 


.9110 .9595 


1.0977 .0405 


40 


0.8319 


0.7418 


30 


.6756 .8297 


.7373 .8676 


.9163 .9621 


1.0913 .0379 


30 


0.8290 


0.7447 


40 


.6777 .8311 


.7353 .8665 


.9217 .9646 


1.0850 .0354 


20 


0.8261 


0.7476 


50 


.6799 .8324 


.7333 .8653 


.9271 .9671 


1.0786 .0329 


10 


0.8232 


0.7505 


43^00^ 


.6820 9.8338 


.7314 9.8641 


.9325 9.9697 


1.0724 0.0303 


47^00' 


0.8203 


0.7534 


10 


.6841 .8351 


.7294 .8629 


.9380 .9722 


1.0661 .0278 


50 


0.8174 


0.7563 


20 


.6862 .8365 


.7274 .8618 


.9435 .9747 


1.0599 .0253 


40 


0.8145 


0.7592 


30 


.6884 .8378 


.7254 .8606 


.9490 .977^ 


1.0538 .0228 


30 


0.8116 


0.7621 


40 


.6905 .8391 


.7234 .8594 


.9545 .9798 


1.0477 .0202 


20 


0.8087 


0.7650 


50 


.6926 .8405 


.7214 .8582 


.9601 .9823 


1.0416 .0177 


10 


0.8058 


0.7679 


44<»00' 


.6947 9.8418 


.7193 9.8569 


.9657 9.9848 


1.0355 0.0152 


46^00' 


0.8029 


0.7709 


10 


.6967 .8431 


.7173 .8557 


.9713 .9874 


1.0295 .0126 


50 


0.7999 


0.7738 


20 


.6988 .8444 


.7153 .8545 


.9770 .9899 


1.0235 .0101 


40 


0.7970 


0.7767 


30 


.7009 .8457 


.7133 .8532 


.9827 .9924 


1.0176 .0076 


30 


0.7941 


0.7796 


40 


.7030 .8469 


.7112 .8520 


.9884 .9949 


1.0117 .0051 


20 


0.7912 


0.7825 


50 


.7050 .8482 


.7092 .8507 


.9942 .9975 


1.0058 .0025 


10 


0.7883 


0.7854 


45<»00' 


.7071 9.8495 


.7071 9.8495 


1.0000 0.0000 


1.0000 0.0000 


45«>00' 


0.7854 






Nat. L(^. 


Nat. Log. 


Nat. Log. 


Nat. . Log. 










COSINBS. 


SINKS. 


COTANGENTS. 


TANGENTS. 


DHGRBBS. 


RADIANS. 



TABLES. 



143 



Equivalents of Radians in Degrees, Minutes, and Seconds of Arc. 


BADLAJNS. 


BQUIVALENTB. 


RADIANS. 


EQUIVALENTS. 


0.0001 


OP 0'20".6 


or 0°.005730 


0.0600 


3° 26' 15".9 


or 


3° 437747 


0.0002 


OP 0'41".3 


or 0°.011459 


0.0700 


4° 0'38".5 


or 


4°.010705 


0.0003 


0° 1'01^9 


or 0°.017189 


0.0800 


4° 35' 01".2 


or 


4°.583662 


0.0004 


0° r22".5 


or 0°.022918 


0.0900 


5° 9'23".8 


or 


5°. 156620 


0.0005 


0° r43'M 


or 0°.028648 


0.1000 


5° 43' 46".5 


or 


5°.729578 


0.0006 


0° 2'03".8 


or 0*^.034377 


0.2000 


1P27'33".0 


or 


11°.459156 


0.0007 


OP 2' 24^4 


or 0°.040107 


0.3000 


17° 11' 19".4 


or 


17°.188734 


0.0008 


0° 2'45".0 


or 0°.045837 


0.4000 


22° 55' 05".9 


or 


22°.918312 


0.0009 


0° 3'05".6 


or 0°.051566 


0.5000 


28°38'52".4 


or 


28°.647890 


0.0010 


0° 3'26".3 


or 0«.057296 


0.6000 


34° 22' 38".9 


or 


34°.377468 


0.0020 


0° 6' 52^5 


or 0°.l 14592 


0.7000 


40° 6'25".4 


or 


40°.107046 


0.0030 


0° lO' 18^8 


or 0*^.171887 


0.8000 


45°50'11".8 


or 


45°.836624 


0.0040 


0° 13' 45'M 


or 0°.229183 


0.9000 


51°33'58".3 


or 


51°.566202 


0.0050 


0°17'ir'.3 


or 0°.286479 


1.0000 


57°17'44".8 


or 


57°.295780 


0.0060 


0° 20' 37''.6 


or 0^.343775 


2.0000 


114° 35' 29".6 


or 


114°591559 


0.0070 


0° 24' 03".9 


or 0°.4O1070 


3.0000 


171° 53' 14".4 


or 


171°.887339 


0.0080 


0° 27' 30^.1 


or 0°.458366 


4.0000 


22^ 10' 59".2 


or 


229°183118 


0.0090 


0° 30' 56".4 


or 0°.515662 


5.0000 


286° 28' 44".0 


or 


286°.478898 


0.0100 


0° 34' 22".6 


or 0°.572958 


6.0000 


343° 46' 28".8 


or 


343°.774677 


0.0200 


1° 8'45".3 


or P.145916 


7.0000 


401° 4'13".6 


or 


401°070457 


0.0300 


1°43'07".9 


or P.718873 


8.0000 


458° 21' 58".4 


or 


458°.366236 


0.0400 


2° 17' 30".6 


or 2*^.291831 


9.0000 


S15°39'43".3 


or 


515°662016 


0.0500 


2° 51' 53".2 


or 2^.864789 


10.0000 


572° 57' 28".l 


or 


572°.957795 



The Values in Circular Measure of Angles whicli are given in 

Degrees and Minutes. 



1' 


0.0003 


9' 


0.0026 


3° 


0.0524 


20° 


0.3491 


100° 


1.7453 


2' 


0.0006 


10' 


0.0029 


4° 


0.0698 


30° 


0.5236 


110° 


1.9199 


3' 


0.0009 


20' 


0.0058 


5° 


0.0873 


40° 


0.6981 


120° 


•2.0944 


4' 


0.00] 2 


30' 


0.0087 


6° 


0.1047 


50° 


0.8727 


130° 


2.2689 


5' 


0.0015 


40' 


0.0116 


7° 


0.1222 


60° 


1.0472 


140° 


2.4435 


6' 


0.0017 


50' 


0.0145 


8° 


0.1396 


70° 


1.2217 


150° 


2.6180 


7' 


0.0020 


1° 


0.0175 


9° 


0.1571 


80° 


1.3963 


160° 


2.7925 


8' 


0.0023 


2° 


0.0349 


10° 


0.1745 


90° 


1.5708 


170° 


2.9671 
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